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<^C%7<iescribes  the  input  structurb  and  general  use  of  die  nonlinear  cable  dynamics  com¬ 
puter  model  SEADYH  This  program  performs  static,  time  and  frequency  domain 
dynamic,  and  modal  analyses  for  arbitrarily  configured  cable-truss  structures.  Sig¬ 
nificant  capabilities  include:  multi-materials,  bottom  interaction,  nonlinear  material 
properties,  material  damping,  p^out  recl-in,  strumming  effects,  spatially  varying 
current  fields,  imposed  motions,  and  random  wave  loading  Results  can  be  saved 
and  reused  during  die  current  execution  or  at  a  later  d^.  A  free-fidd  input 
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FOREWORD 


Thtt  process  of  lesinlng  to  use  a  complex  computer  program  lit  most 
often  frustrating.  Regardless  of  the  care  taken  to  document  and  explain 
the  various  features  of  the  program,  a  new  user  is  easily  confused  by 
unfamiliar  terminology  and  descriptions  of  the  methods  employed. 

Usually,  the  developers  have  become  so  conversant  with  the  problems 
addressed  by  the  program  and  the  way  that  they  have  interpreted  and 
solved  them,  that  it  is  difficult  to  communicate  with  the  uninitiated. 
They  simply  forget  hew  far  they  have  come  from  the  beginning.  Often  the 
appropriate  beginning  point  can  be  found  and  quick  learning  obtained 
through  dialogue  between  the  developer  or  an  experienced  user  and  the 
novice.  Unfortunately,  the  written  page  does  not  provide  for  such 
feedback.  One  should  keep  in  mind  that  it  is  at  least  as  difficult  to 
write  a  manual  that  adequately  describes  a  program  as  it  is  to  learn  to 
use  the  program. 


PREFACE 


The  8EADYN  cable  dynamlca  computer  program  was  developed  over  a  10 -year 
period  primarily  by  the  Naval  Civil  Engineering  Laboratory  (NCFL)  under  the 
sponsorship  of  the  Naval  Facilities  Engineering  Command  (NA\hF'AC).  This 
document  is  a  revision  of  TN-1630,  April  1982.  SEADYN  is  the  largest  of 
several  cable  analysis  programs  developed  under  the  Largo  Displacement 
Cable  Dynamics  project.  These  programs  have  been  validated  by  laboratory 
and  at-sea  experiments  and  allow  for  the  confident  analysis  of  arbitrarily 
configured  cable  structures  subject  to  a  wide  variety  of  environmental  and 
system  loads. 

This  report  is  one  in  a  aeries  of  three  used  to  document  the  SEADYN 


,  computer  program.  This  set  of  reports  consists  of: 

-  - -  - - - - V 

SEADYN  User's  NanualTvBbscrlbes  the  program  input  format 

/  and  external  file  requirements,  and  briefly  discusses  use 

of  the  program.  Example  Inputs  are  presented. 


(2)  SEADYN  Theoretical  Models:  Describes  the  finite-element 
formulation,  implementation  of  particular  submodels 
(strumming  model,  linearisations  in  the  frequency  domain 
solution,  etc.),  and  numerical  solution  techniques  (Ref  1). 


(3)  SEADYN  Programmer's  Reference:  Describes  SEADYN  coding 
structure,  logic,  memory  usage,  and  required  system 
routines  (Ref  2). 


References  .3  and  4  provide  the  following  information  and  data  on 
SEADYN-related  topics:  Data  on  cables,  chain,  and  other  SEADYN  input 
parameters  (Ref  3)  and  a  .ummary  of  the  comparisons  between  SEADYN 
predictions  and  measured  data  (Ref  4). 

The  user  is  cautioned  that  only  the  cable  portion  of  the  program 
has  been  satisfactorily  validated.  The  mooring-related  options  are 
still  under  development  and  are  subject  to  change.  Therefore,  the  use 
of  SEADYN  for  problems  involvina  vessel  dynamics  is  not  reconmended  at 
this  time. 


THE  U.S.  GOVERNMENT  ASSUMES  NO  LIABILITY 
FOR  ANY  LOSS  OR  DAMAGE 
RESULTING  FROM  THE  USE  OF  THIS  PROGRAM. 


vii 


CONTENTS 


Page 


1.0  IhrrRODUCTION .  1 

2.0  CAPABILITY  OVERVIEW .  2 

2.1  General  Featu'-ea .  2 

2.2  Structure  Modeling  Features . 2 

2.3  Forcing  Functions  and  Analysis  Options  .  3 

3.0  THEORY  OVERVIEW  AND  MODELING  SUGGESTIONS .  8 

3.1  Modeling  Lines  and  Cables  .  8 

3.2  Ship  Model  and  Loads . . .  11 

3.3  Solution  Methods .  11 

3.4  Structure  Model .  14 

4.0  INPUT  DATA  STRUCTURE .  20 

4.1  Model  Foraulatlon  (Problem  Data  Block)  .  20 

4.2  Loads  and  Analysis  Deck  (SAO  Data  Block) .  22 

4.3  Restart  Fonmlatlon .  23 

5.0  FREE-FIELD  INPUT  RULES .  24 

6.0  PROBLEM  DEFINITION  DATA .  27 

6.1  Title  Record  Set .  29 

6.2  PROBLEM .  30 

6.2.1  BLOC  .  32 

6.2.2  BODY  .  33 

6.2.3  DRAG  .  35 

6.2.4  ELEMENT .  37 

6.2.5  FLOW  .  41 

6.2.6  FLUID .  42 

6.2.7  INVENTORY .  43 

C.2.8  LIMIT .  44 

6.2.9  LLOC  .  45 

6.2.10  MATERIAL .  46 

6.2.11  NGEN .  49 

6.2.12  NODE .  51 

6.2.13  PAYOUT  .  53 

6.2.14  SHIP .  55 

6.2.15  STRUM .  58 

6.2.16  TENSION .  59 

6.2.17  TFUNCTION .  60 


6.3  RESTART 

6.4  TABLE  . 


lx 


65 

68 


CONTENTS  (Cont'd) 


Page 

7.0  SUBANALYSIS  OPTION  (SAO)  DATA .  71 

7.1  DEAD,  LIVE,  TSSS,  DYN  Data  Set .  72 

7.1.1  CURRENT .  73 

7.1.2  FIX .  74 

7.1.3  FREE .  75 

7.1.4  IMPACT .  76 

7.1.5  INITIAL .  77 

7.1.6  KEEP .  78 

7.1.7  LOAD .  79 

7.1.8  LVARY .  80 

7.1.9  MOVE .  81 

7.1.10  OUTPUT .  83 

7.1.11  PAYOUT .  86 

7.1.12  SAVE .  87 

7.1.13  SBUOY  .  88 

7.1.14  SOLUTION  .  89 

7.1.15  STEP .  94 

7.1.16  SURFACE  .  95 

7.1.17  TIME .  96 

7.1.18  WIND .  97 

7.2  MODE .  98 

7.2.1  MSOL  .  ,  99 

7.2.2  FIX . 100 

7.2.3  FREE . 101 

7.2.4  MOVE . 102 

7.3  FREQ . 104 

7.3.1  FSOL . 105 

7.3.2  SPECTRUM . 106 

7.3.3  EXTERNAL . 108 

7.3.4  RESULTS . 109 

7.3.5  HEADING . 110 

7.3.6  RANDOM . Ill 

7.3.7  REGULAR . 113 

7.3.8  DONE . 114 

7.4  CHEK .  115 

7.4.1  CONF . 116 

7.4.2  ANCH,  BUOY,  LINE . 116 

7.5  END,  NEW . 119 


X 


CONTENTS  (Cont'd) 


Page 

8.0  EXAMPLE  PROBLEMS  .  120 

6.1  Towed  Body  Exaaple  . . 120 

8.2  Buoy  Relaxation  Exanple . 127 

8.3  Anchor  Laat  Exaaiple . 129 

8.4  Payout  froai  a  Moving  Ship  Example . 131 

8.5  Vessel  Mooring  Example  . . .  .  133 

9.0  SUMMARY  OF  MAJOR  DIA6N0SITC  MESSAGES . 140 

9.1  System  Description  Checks . 141 

9.2  Subanalysis  Cation  Errora  .  144 

9.3  Solution  Option  Execution  Messages . 148 

10.0  REFERENCE . 154 

APPENDIXES 

A  >  Ship  Vind  and  Currant  Loads  Data  File  .  A'l 

B  •  Ship  Dynamic  Motion  File  .  B-1 

C  >  Built-In  Drag  Coefficients  .  C>1 

D  ~  User<*Supplled  Subroutines . D*1 

E  •  Restart  File  Structure . E-1 

F  -  Ship's  Wind  and  Current  Loading  Functions . F-1 

G  -  Built-In  Load  Function  For  Ships  .  G-1 

K  -  Mooring  Component  Inventory . H-1 

I  -  Program  Slse  Limitations  and  Storage  Requirements  ....  I-l 


xi 


1.0  umaoDcriON 


Th«  8EADYN  coaputer  prograa  aiaulates  the  responses  of  cable  and  truss 
type  syateas  in  an  ocean  envlronaent.  Such  structures  often  appear  decep¬ 
tively  siaiple.  Cable  structures,  even  a  sisiple  catenary  span,  are  highly 
nonlinear  and  careful  Modeling  is  required  to  obtain  a  solution.  Adding 
the  offshore  environnent  greatly  compounds  the  problem.  This  computer 
program  provides  extensive  capability  for  dealing  t^lth  these  problems  and 
includes  considerable  flexibility  and  variety  in  the  solution  methods. 

SBAOYN  is  a  finite  element  program  that  employs  simple  truss-type 
elements  and  catenary  elements.  These  line  elements  can  be  used  repeti¬ 
tively  to  describe  long  mooring  lines,  intricate  truss  structures,  or 
complex  cable  systems.  SEADYN  includes  lumped  body  models  to  simulate 
buoys,  anchors,  weights,  etc.  in  the  structure.  These  lumped  masses  are 
treated  as  point  loads  that  represent  weight/buoyancy  and  fluid  drag 
effects.  SEADYN  also  models  rigid  bodies  that  represent  ships,  barges, 
platforms,  and  mooring  buoys.  These  are  distinct  from  the  previously 
mentioned  lumped  bodies  since  they  provide  for  multiple  line  attach¬ 
ments  and  full  six  degree-of-freedom  body  response  calculations.  IVo 
additional  unique  features  of  the  program  are  the  ability  to  represent 
variable  length  linos  (payout/ reel -in)  and  the  component  adequacy  checks 
(tests  buoys,  anchors,  and  lines  for  potential  underdesign). 

The  approach  taken  in  this  manual  is  to  briefly  outline  the  nature 
of  the  nonlinear  problem,  describe  in  simple  terms  the  pertinent  features 
of  the  nonlinear  solution  methods,  present  the  input  form  for  SEADYN, 
and  illustrate  the  modeling  process  with  some  simple  problems.  Exposi¬ 
tion  of  the  governing  equations  and  theoretical  details  1'  contained  in 
Reference  1. 


1 


2.0  GAPABILirr  OVBKVIBV 


Th«  SEADYN  program  la  daaigned  primarily  to  analyze  the  static  and 
dynamic  reapcnaea  of  imderwater  cable  and  truss  structures.  The  major 
features  of  ,he  program  are  aummarlsed  below. 

2.1  Gaaisral  Features 

3*0  Largs  Dlaplacamsmt  Raapoosa  of  Cable  and  Truss -I^rpe  Structuros 
Using  tba  Finite  llemant  Method.  SEADYN  Is  capable  of  simulating  large 
nonlinear  structural  displacements  as  well  as  small  linear  displacements 
of  cable  structures. 

Free  Field  Ii^ut.  The  program  has  a  free-fleld  Input  format.  A 
ke3^rd  cArd  begins  each  data  aet,  such  as  NODE  or  ELEMENT.  The  data  Is 
entered  after  the  keyword  In  free  format. 

Nodular  Format.  The  Input  data  file  is  divided  Into  two  sections: 
the  structure's  model  description  and  the  analysis  sequences.  Only  key 
nodes  and  elements  are  required  for  Input.  SEADYN  will  generate  the 
Intermediate  nodes  and  elements  and  estimate  line  tensions.  An  equilib¬ 
rium  state  for  gravity  loading  will  be  determined  through  a  DEAD  analysis. 
Optional  static  and  dynamic  analyses  may  follow. 

Raatart  Capability.  The  initial  configuration  can  be  saved,  and  a 
restart  option  can  be  used  to  apply  different  loads  to  the  saved  struc¬ 
ture.  Other  analysis  solutions  can  also  be  saved  and  used  as  reference 
in  restarts.  Economies  In  computer  time  and  costs  can  be  realized  with 
this  modular  format  for  problem  definitions. 


2.2  Structure  Modallng  Features 

The  modeling  options  in  SEADYN  have  been  made  as  generic  as  possible 
so  that  a  variety  of  cable  structures  can  be  simulated:  Instrument  arrays, 
vessel  moorings  with  one  or  many  mooring  lines,  riser  moorings,  cable 
laying  and  pickup  sequences,  towed  bodies,  or  cable  structure  deployment 
scenarios.  A  description  of  the  structure  siodeling  features  and  options 
follows. 


Lamped  and  Rigid  Ucdlea.  Discrete  bodies,  such  as  buoys,  sinkers, 
and  InstruBMnt  packages,  can  be  modeled  as  either  lumped  bodies  or  rigid 
bodies.  Lumped  bodies  provide  only  loads  and  mass  to  a  node.  Rigid 
bodies  have  a  6  degree-of-freedom  response. 

Tmaa  and  Catenary  Line  Blamenta.  Cables  are  modeled  using  two 
types  of  elements:  Straight-line  truss  olements  (also  called  simplex 
elements)  or  catenary-shaped  elements.  These  elements  ignore  bending 
and  torsional  effects.  Oiily  axial  loads  (tension  ar-J  compression)  are 
considered.  The  two  elemeut  types  are  interchangeable  and  universal  in 
that  they  can  be  i..xxed  and  used  anywhere  in  the  model.  Truss  elements 
can  have  any  orientation  in  a  three-dimensional  space;  therefore,  they 
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UB«d  to  aodol  tho  offocts  of  throo^diMniional,  nonplanar,  nonunifcm, 
diitributod  loads  (i.a.  a  aubsurfacs  currant  profile  that  changes  speed 
and  direction  with  depth)  and  point  loads.  Catenary  elenents  can  also 
bays  any  three-dlKsnslonal  orientation  but  the  eleaent  nust  lie  in  a  plane 
due  to  the  constraints  of  a  classical  catenary  shape;  these  elements  can 
model  planar  uniform  distributed  loads  (not  necessarily  in  the  vertical 
plane)  and  point  loads. 

Nomlinmmr  Mmtmrlals.  TVo  basic  material  models  arc  provided  to 
represent  static  load  behavior.  One  uses  a  load-strain  tabular  format 
for  specifying  nonlinear  behavior.  The  other  is  a  two-parameter  no^el 
that  presumes  curve-fitting  of  empirical  data  using  the  form  T  ■  se". 
Material  damping  affects  can  be  included  through  a  one-parameter  (Kelvin 
damping)  or  a  two-parameter  (Reid-NOAA)  viscoelastic  model.  A  propor¬ 
tional  damping  option  is  also  provided. 

Node  and  Slemant  Oeneratlom.  As  in  other  finite  element  method 
programs,  nodes  and  elements  can  be  generated  where  an  incremental 
pattern  exlstu  so  that  only  beginning  and  ending  nodes  and  elements  of 
a  homogeneous  line  segment  need  to  be  defined. 

Condltloamlly  Imposed  Bouadarlea  or  Kestralmts.  Boundaries,  such 
as  the  seafloor  or  water  surface,  can  be  defined.  Nodes  can  be  perma¬ 
nently  fixed  to  a  boundary,  conditionally  attached  to  a  boundary  until  a 
load  condition  is  exceeded,  or  stopped  at  a  boundary  if  sinking  or  rising. 

Defmmlt,  Kemidaat,  or  User-Defined  Functioos.  Commonly  used  drag 
coefficients,  fluid  flow  fields  (i.e.  subsurface  current  profile),  and 
time  varying  load  functions  are  r^isident  in  the  SEADYN  program.  If  ^he 
default  or  resident  functions  are  not  suitable,  the  user  can  define  the 
desired  function.  This  procedure  is  described  In  the  Appendices. 


2.3  Forcing  Functions  and  Analysis  Cptloos 

SEADYN  can  simulate  steady-state  equilibrium  conditions,  compute 
mode  shapes  and  natural  frequencies,  dynamic  frequency  domain  solutions 
for  vessel  moorings,  nonlinear  dynamic  time  domain  solutions  for  cable 
structures  without  a  vessel,  and  perform  a  component  adequacy  check  for 
a  given  structural  state. 

Static  Squlllbrlmm  and  Steadi-State  Forces.  Tho  steady-state  or 
static  solutions  find  an  equilibrium  position  for  the  cable  structure 
for  steady  loads  such  as  gravity,  wind,  surfaces  currents,  subsurface 
currents,  and  point  loads. 

Node  Shapes  and  Natural  Frequencies.  The  mode  shapes  and  natural 
frequencies  are  calculated  for  any  given  configuration.  Because  mode 
shapes  and  natural  frequencies  are  based  upon  the  structure's  mass  and 
stiffness  terns,  they  should  be  calculated  for  a  range  of  expected 
conditions. 
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DjdmIc  Ft«qnaiicj  DomIih  Solution.  The  dynamic  frequency  domain 
solution  calculates  a  response  for  either  a  regular  or  random  uni¬ 
directional  wave  spectrum  for  vessel  moorings.  Vessel,  mooring  buoy, 
and  mooring  line  responses  are  coupled  by  including  the  added  mass  and 
damping  terms  to  the  nonlinear  stiffness  terms.  Three  wave  spectrum 
models  are  resident  in  SEADYN:  Pierson-Moskowltz,  Bretschneider,  and 
ISSC.  The  user  specif. 'I  es  the  nodes  and  elements  for  which  the  response 
is  desired. 

ApproxlMte  TIsm  Domain  Dynamics.  An  approximate  nonlinear  dynamic 
analysis,  the  Tine  Sequenced  Static  Solution  or  TSSS,  is  available  as  an 
inexpensive  option  to  a  full  time  domain  solution.  In  TSSS,  motions 
implied  by  the  HOVE  or  PAYOUT  options  are  applied  to  the  structure  in 
small  steps  which  are  determined  by  user  specified  time  Intervals.  The 
acceleration  and  mass  terns  are  Ignored.  The  solutions  use  the  static 
LIVE  analysis  procedure  and  outputs  are  printed  for  user-specified  time 
Intervals.  The  accuracy  of  this  solution  method  deteriorates  as  a  func¬ 
tion  of  tine.  This  analysis  option  is  excellent  for  observing  trends 
before  committing  to  a  full  nonlinear  time  domain  analysis. 

Hanllmemr  Time  DoMln  Dynamics.  The  nonlinear  dynamic  time  domain 
analysis  calculates  the  response  of  the  cable  structure  to  time-varying 
loads.  The  program  prints  out  a  set  of  solutions  as  a  function  of  time 
which  can  be  envisioned  as  series  of  snapshots. 

Mooring  Gompoment  Adequacy  Check.  The  component  adequacy  check 
compares  the  break  strength  or  holding  capacity  of  the  mooring  compo¬ 
nents  against  the  calculated  loads.  The  mooring  component  information 
is  found  in  a  library  resident  in  SEADYN. 

Strumelng.  The  LIVE,  TSSS,  and  DYN  SAO  operations  can  also  approxi¬ 
mate  the  effects  of  line  strumming  by  allowing  for  the  adjustment  of  the 
drag  loads. 

Analysis  Options.  Each  analysis  option  in  SEADYN  is  referred  to  as 
a  subanalysis  option  (SAO).  A  list  of  the  SAU  flags  and  a  brief  des¬ 
cription  follows: 

DEAD  -  Nonlinear  static  emalysis  to  apply  gravity,  buoyancy  loads, 
and  point  loads. 

LIVE  -  Nonlinear  static  analysis  to  apply  wind,  surface  and  sub¬ 
surface  currents,  gravity,  buoyancy  loads,  and  point  loads. 

NODE  -  Calculates  mode  shapes  and  natural  frequencies  for  a  speci¬ 
fied  structure  state.  The  MODE  SAO  can  be  used  after  any  of 
the  other  SAO  options  listed  before  continuing  on  the  next 
SAO  option.  This  option  provides  Information  only. 

FREQ  -  Frequency  domain  dynamic  response  for  vessel  moorings  using 
linearized  frequency  dependent  solutions.  Calculates  the 
mooring  response  to  either  regular  or  random  wave  spectra. 
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TSSS  -  Appro.. irites  nonlinear  dynamics  by  neglecting  acceleration 
and  mass  terms.  Solves  for  configuration  changes  due  to 
payout  or  reel-* in  of  lines,  to  move  boundaries,  or  Imposed 
motion.  Generates  a  LIVE  solution  for  each  time  step 
requested. 

DYN  -  Nonlinear  dynamic  time  domain  analysis  which  solves  for 
time-varying  loads,  currents,  motions,  line  lengths,  and 
lumped  body  Impact. 

CHEK  -  Evaluates  the  adequacy  of  various  mooring  components  in  the 
currently  defined  state. 

Table  2-1  provides  a  summary  of  the  important  features  of  SEADYN. 


Table  2-1.  SEAOTN  Capability  Suaaary 


General 

*  3D  large  displacement  response  of  cable  and  truss -type 
structures  using  the  finite  element  method 

*  Can  Include  lumped  bodies,  six  degree-of -freedom  rigid  bodies 
(ships,  platforms,  etc.)  and  fluid-solid  interactions 

*  Staged  format,  sequential  analysis  for  statics  and  dynamics 

*  Treats  nonlinear  materials  with  Internal  damping,  nonconserva¬ 
tive  loads,  and  nonlinear  constraints 

Special  Features 

*  Variable  length  lines  to  simulate  payout/reel-ln  dynamics 

*  Automatic  estimation  of  drag  coefficient  amplification  to 
approximate  strumming 

*  Restart  options 

*  Wave  spectrum  analysis 

e  Component  adequacy  checks  using  design  rules 

*  Plotting  Interface 

*  Free-f ield  input  format 

*  Catenary  element  for  treating  bottom  interaction 
Load/Boundary  Conditions 

*  Gravity/buoyancy  loads  in  water  and  air 

*  Arbitrary  point  loads  and  flow  fields 

*  Wind  and  surface  current  loads  on  rigid  bodies 

*  Built-in  or  user-supplied  drag  functions  with  flow/response- 
dependent  amplification 

*  Arbitrary  time  variations  (built-in  or  user-supplied) 

*  Moved  boundaries 

*  Conditional  constraints  for  surface  and  bottom  limits 
Static  Solution  Methods 

*  Residual  feedback  method  (incremental  self-correcting) 

*  Modified  Newtcn-Raphson  (various  forms) 

*  Viscous  relaxation  method 

Dynamic  Solution  Methods 

*  Nonlinear  Transient  -  Newmark's  P  (residual  feedback  form) 

-  Direct  Integration  Method  (a  multi¬ 
parameter  predictor/corrector) 

-  Time  sequenced  static  solutions  (quasi- 
statlc) 
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Table  2-1..  (Carat. ) 


•  Frequency  Domain 


-  (linearized  with  respect  to  the  static 
state) 

-  Mode  shapes  and  frequencies 

-  Response  to  wave  spectra  -  Superposition 
of  frequency-dependent  steady-state 
solutions,  fully  coupled  ship,  buoy  and 
line  responses 
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3.0  ukort  overviev  and  modeling  suggestions 


The  approach  taken  in  SEADYN  to  model  cable  and  mooring  systems  Is 
a  discrete  element  method  and  the  lumped  parameter  method.  Lines  are 
modeled  with  finite  elements  and  bodies  are  lumped  at  node  points. 

The  only  deformable  components  In  the  system  are  the  cable  elements. 
Any  component  which  cannot  be  molded  as  a  line  element  Is  assumed  to  be 
a  nondeformable  body.  They  are  lumped  at  a  node  end  may  have  a  point 
effect  or  act  as  a  rigid  connector  for  attached  lines. 

3.1  Modeling  Lines  and  Cables 

Elearant  "^pes  and  Properties.  The  SEADYN  program  represents  a  general 
spatial  arrangement  of  cable  and  truss  components  as  a  collection  of  simple 
elements.  Only  one  material  type  Is  allowed  for  each  element.  SEADYN  has 
two  element  forms:  a  truss  element  which  Is  a  straight  line  between  two 
nodes  and  a  catenary  element  which  has  a  catenary  shape  between  two  nodes. 

The  truss  element  is  straight  before  and  after  deformation  of  the 
structure.  The  element  uses  the  Instantaneous  distance  between  nodes 
and  the  unloaded  length  to  determine  strain.  The  truss  element  can  model 
the  effects  of  three-dimensional,  nonplanar,  nonuniform,  distributed  loads 
(such  as  a  subsurface  current  that  varies  speed  and  direction  with  depth) 
and  point  loads.  A  linear  variation  of  flow  velocity  and  direction  along 
the  element  is  assumed. 

The  catenary  element  uses  classical  catenary  equations  to  determine 
Its  shape  between  two  nodes.  Each  element  lies  In  a  plane  oriented  in  a 
three-dimensional  space.  Its  shape  and  stiffness  are  dependent  upon  the 
forces  at  the  nodes.  Lines  stretch  Is  Included  and.  If  applicable,  the 
amount  of  line  lying  on  the  seafloor  Is  determined.  The  catenary  element 
can  only  model  point  loads  and  planar,  uniform,  distributed  loads.  Only 
approximate  mass  relations  are  provided  for  treating  the  dynamics  of  line 
pick-up  and  lay-down,  so  this  element  should  be  used  with  caution  In 
transient  dynamic  solutions. 

Determining  the  Number  of  Elements  per  Line.  A  line  of  elements 
has  negligible  bending  resistance,  i.e.  no  moment  Is  supported  at  the 
nodes.  Straight  line  segments  with  constant  tensions  are  low  order 
approximations  of  a  flexible  catenary  line  which  has  constantly  varying 
slopes  and  tensions  along  Its  length  for  most  cases.  Regions  where  large 
curvature,  highly  variable  tensions,  or  boundary  interaction  (such  as 
line  laying  on  the  seafloor)  are  expected  should  be  approximated  with 
more  elements  than  those  regions  where  tensions  vary  slightly  and  lines 
are  nearly  straight.  Distributed  loads,  such  as  subsurface  currents, 
also  require  more  elements.  Parametric  studies  have  Indicated  that  a 
minimum  of  5  to  8  elements  are  needed  to  accurately  model  lines  with  no 
distributed  loads;  a  minimum  of  10  to  12  elements  is  needed  to  accurately 
model  lines  that  are  subjected  to  distributed  loads.  Tliese  figures  are 
only  Intended  as  a  rule-of-thumb  estimate.  The  selection  of  the  number 
of  elements  should  be  based  on  several  trials  of  element  size  and  dis¬ 
tribution.  When  a  finer  mesh  gives  essentially  the  same  tensions  and 
displacements,  then  the  correct  number  of  elements  has  been  found  which 
will  control  discretization  errors. 


rliiids.  Th«  cable  system  may  be  totally  Itmnersed,  suspended  between 
two  fluids  (l.e.  air  and  water),  or  fluid  effects  may  be  Ignored.  Fluid 
effects  are  assumed  to  be  uncoupled  from  the  structure.  Such  things  as 
flew  alteration  from  structure  movement  or  flow  blockage  are  not  dealt 
with.  The  effects  of  the  structure  moving  from  one  fluid  Into  another 
are  not  treated. 

Bottom  Boondaxy  Interaction.  Catenary  elements  are  recommended  for 
bottom  Intc-i'Sctlon  where  lines  are  layed  down  or  picked  up  from  the  sea¬ 
floor  boundary  because  the  exact  length  of  line  required  can  be  determined. 
Truss  elements  must  be  either  on  or  off  the  seafloor,  partial  lengths  of 
the  element  cannot  be  laid  on  the  boundary.  If  a  truss  element  Is  used 
and  element  discretisation  Is  not  fine  enough,  oscillating  behavior  may 
occur  which  leads  to  solution  divergence. 

IjIWmI  and  Rl^ld  Bodies.  Lumped  bodies  are  assumed  to  have  insig¬ 
nificant  spatial  dimensions  so  that  their  effect  on  the  kinematics  of  the 
line  are  negligible.  They  are  simply  lumped  at  nodes  where  they  produce 
■ass  and  drag  load  effects.  Nodes  have  three  degrees -of -freedom,  one  for 
each  displacement  direction.  Rigid  bodies  (mooring  buoys,  ships,  plat¬ 
forms,  etc.)  are  Interfaced  to  cable  eleiuents  using  multiple  attachment 
points.  Rigid  bodies  require  six  degrees-of -freedom,  three  displacements 
and  three  angular  components.  IVo  master  nodes  are  used  to  define  the  six 
degrees -of -freedom:  the  first  node  Is  for  displacements,  the  second  node 
is  for  angiular  rotations.  Other  nodes  on  the  rigid  body  are  slave  nodes. 
Nodal  slave/master  constraints  are  Imposed  to  Imply  rigid  body  kinematics. 
Slave  nodes  are  constrained  to  move  as  though  rigid  links  exist  between 
them  and  the  master  pair  of  nodes. 

Dlatriliated  and  Point  Loads.  Very  abrupt  load  or  displacement 
changes  should  be  Introduced  Incrementally  using  the  LVARY  record.  Be 
careful  not  to  Introduce  a  load  that  will  cause  a  physical  Instability, 
such  as  a  load  that  Is  misaligned  and  causes  an  unintended  rotation. 

A  common  mistake  in  using  SEADYN  occurs  when  loads  or  constraints 
Imposed  In  the  preceding  SAO  data  set  are  suddenly  omitted  in  the  next 
analysis.  The  load  and  displacement  data  defined  at  the  beginning  of 
each  SAO  analysis  must  be  consistent  with  the  total  values  obtained  at 
the  end  of  the  preceding  SAO  analysis. 

Applying  loads  which  pull  a  buoy  underwater  leads  to  a  sudden  change 
In  buoyancy  loads  If  the  surface  current  and  subsurface  currents  are  not 
well  matched.  For  example,  a  buoy  on  the  surface  only  has  loads  from  a 
surface  current  and  wind.  If  the  surface  current  is  large  enough  to  push 
the  buoy  under  (due  to  the  restraint  of  the  mooring  line),  an  equivalent 
subsurface  current  Is  required  to  keep  the  buoy  submerged.  If  the  sub¬ 
surface  current  Is  smaller,  then  the  buoy  will  oscillate  between  the  sur¬ 
face  position  to  being  Just  submerged.  The  problem  can  also  be  resolved 
by  removing  surface  loading  from  the  buoy. 

Users  should  be  careful  to  put  the  proper  variation  codes  on  the 
loads  for  each  SAO  option.  The  MNR  solution  has  an  autostep  selection 
process  which  works  only  when  load  variability  is  indicated.  The  force 
residual  Is  tested  when  a  new  step  is  begun.  If  the  force  residual  norm 
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is  grsater  than  3.0  then  the  size  of  the  step  is  scaled  down  by  the  ratio 
of  3.0  and  the  residual  norm.  This  helps  to  get  an  initially  stable  step 
size  for  the  loads.  For  instance,  it  is  meaningless  to  have  the  step 
size  varied  when  the  only  change  is  the  release  of  vessel  yaw  degree-of- 
freedom.  In  this  case,  all  load  variation  codes  should  be  zero.  If  not, 
the  run  will  abort  when  it  finds  no  change  in  the  residual  after  the  auto¬ 
step  scaling  process.  In  this  case  the  KEEP  option  may  not  be  appropriate 
because  it  preserves  the  variation  codes. 

Materials.  The  cable  material  is  assumed  to  be  nonlinear  and  elastic 
(no  hysteresis).  The  frequency  domain  allows  proportional  damping  effects 
while  the  transient  d3^amlc  model  allows  various  forms  of  material  damping. 

TWO  methods  are  used  to  relate  line  tension  to  line  strain.  The  first 
form  is  tabular.  A  series  of  loads  and  strains  are  entered  which  will  be 
Interpreted  as  linear  segments  approximating  the  load-strain  curve.  The 
second  is  a  two-parameter  curve  fit. 

The  material  constitutive  relations  are  used  in  two  situations  in 
SEADYN.  The  primary  use  is  to  compute  element  internal  loads  (tensions) 
for  the  strains  Implied  by  node  positions.  A  reverse  process  is  used  on 
initial  configuration  input.  If  an  equilibrium  configuration  is  input 
(either  known  or  guessed),  the  unstrained  lengths  and  the  strain  are 
calculated  for  the  given  nodal  positions.  If  the  unstretched  element 
lengths  and  nodal  positions  are  given,  the  strains  and  tangent  modulus 
are  calculated. 

The  computation  of  the  unstretched  and  stretched  lengths  can  be  a 
source  of  error  if  the  lines  are  very  stiff  (high  EA)  or  the  loads  are 
small.  This  is  because  the  small  difference  in  strain  cannot  be  detected 
due  to  the  limits  of  the  computer's  precision. 

Geoswtrlc  Stiffiaess  and  Nonlineaity 

The  concepts  of  geometric  stiffness  and  nonlinearity  are  Illustrated 
below.  A  catenary  changes  its  geometric  configuration  as  well  as  load 
distribution  to  accommodate  applied  displacements  or  loads. 


Figure  3-1:  Load -deflect ion  curve  for  a  catenary. 

A  Icad-def lection  curve  for  a  catenary  line  is  shown  in  Figure  3-1.  The 
catenary  line  is  essentially  slack  for  the  states  between  A  and  B.  The 
top  of  the  catenary  line  can  be  moved  a  great  distance  with  very  little 
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change  in  the  line  tensions.  The  catenary  line  beglits  to  develop  some 
stiffness  In  the  region  BC.  As  the  top  of  the  line  Is  displaced,  the 
line  tension  also  Increases  but  not  In  a  linear  fashion.  The  position 
of  the  line  also  changes  significantly.  As  the  top  of  the  line  Is  dis¬ 
placed  further,  the  system  develops  oiore  stiffness  as  can  be  evidenced 
by  the  rapidly  Increasing  tension  In  region  CD  relative  to  region  BC. 

In  region  CD,  the  catenary  geometry  Is  beginning  to  approach  a  straight 
line.  Between  D  and  E,  the  line  Is  straight  and  any  further  displacement 
results  In  axial  strains  and  reorienting  the  line. 

3.2  Ship  Model  and  Loads 

Vessel  Geometric  Description.  If  a  vessel  mooring  Is  being  modeled, 
the  vessel  Is  described  using  the  SHIP  record.  The  vessel's  length, 
bean,  draft,  and  displacement  are  required  input.  If  wind  loads  are  to 
be  calculated  for  the  vessel,  wind  areas  must  be  Input.  SEADYN  calcu¬ 
lates  the  current  areas  from  the  length,  beam,  and  draft.  Linearized 
ship  restoring  coefficients  can  be  Input  as  desired.  Otherwise  the  ship 
will  be  fixed  In  heave  during  static  analyses.  Roll  and  pitch  constraints 
must  be  Imposed  by  user  Input  as  they  are  desired. 

Wind  and  Current  Loads.  SEADYN  requires  the  user  to  enter  a  file 
which  describes  the  vessel  response  to  wind  and  surface  currents  at 
various  headings.  This  information  Is  entered  in  fixed  format  anywhere 
In  the  PROBLEM  data  block  after  the  PROBLEM  data  set  or  it  may  be 
extracted  from  a  previously  saved  file.  The  format  is  given  in  Appen¬ 
dix  A.  See  Reference  5  for  suggestions  on  how  to  calculate  these  loads. 

Regular  and  Random  Wave  Spectrum  Response.  If  a  dynamic  analysis 
of  a  vessel  mooring  Is  desired,  a  ship  motion  file  must  be  created  for 
use  by  the  frequency  domain  analysis.  The  ship  motion  file  specifies 
coefficients  for  the  equations  of  motion  for  a  vessel  in  harmonic  waves. 
This  Information  is  separately  calculated  by  either  a  two-dimensional 
strip  theory  program  or  a  three-dimensional  diffraction  theory  program 
for  vessel  response  to  harmonic  waves.  SEADYN  expects  to  find  this 
Information  in  binary  format  on  logical  unit  08  (Tape  8).  Appendix  B 
describes  the  Input  required  for  the  ship  motion  file. 

Axls/CcMrdlnate  System.  The  global  axes  used  in  the  problem  defini¬ 
tion  are  defined  in  the  PROBLEM  data  set.  The  axis  that  coincides  with 
gravity  is  specified  in  the  input  and  the  right  hand  rule  is  assumed  to 
define  the  other  two  axes.  The  vessel  position  and  rotation  relative  to 
these  global  axes  is  defined  in  the  NODE  data  set.  This  input  establishes 
the  relationship  between  the  user  selected  global  axes  and  the  specific 
rigid  body  local  coordinate  system. 

3.3  Solution  Methods 

General  Solution  Techniques.  The  majority  of  numerical  solution 
techniques  used  In  SEADYN  can  be  classified  as  initial  value  methods. 

This  means  that  a  solution  step  proceeds  from  a  state  where  all 
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pertinent  data  are  presumed  to  be  kno«m  to  a  state  where  estimates  are 
made  of  the  effects  of  loading  changes  using  some  sort  of  predictor. 

When  this  estimate  Is  within  certain  reasonable  bounds  of  accuracy  It 
can  be  Improved  by  Iterative  corrections.  In  those  situations  where  the 
Initial  state  Is  not  sufficiently  described  or  where  It  represents  an 
unstable  state,  the  predictor  la  usually  very  Inaccurate,  If  not  un¬ 
defined.  SEADYN  provides  various  mecuis  of  dealing  with  this  problem, 
but  unfortunately  there  Is  no  powerful  method  that  works  every  time. 

The  various  solution  methods  are  described  In  the  following  para¬ 
graphs.  The  discussion  focuses  on  difficulties  that  can  be  encoimtered 
In  highly  nonlinear  or  poorly  posed  problems  and  possible  adjustments. 

Static  Solution  Netlioda 

Residual  Feedback  Method  (RFB).  This  Is  an  Incremental  self- 
correctlng  procedure  that  presumes  loads  or  Imposed  displacement  are 
applied  In  a  sequence  of  steps.  The  first  step  Is  linear.  Each  addi¬ 
tional  step  adjusts  the  load  Increment  by  an  estimate  of  the  equilibrium 
error  from  the  prevlouj  step.  The  stiffness  matrix  Is  recalculated  at 
each  step  and  reflects  the  nonlinearities  of  the  last  step.  This  method 
Is  the  least  expensive,  the  most  numerically  stable,  and  the  least  accu¬ 
rate.  A  stable  configuration  Is  required  to  start  from.  The  RFB  method 
requires  the  user  to  specify  the  number  of  steps  to  be  used  to  apply  the 
loads.  Only  that  number  of  steps  specified  is  performed  with  no  Itera¬ 
tions.  This  method  can  fall  If  the  stiffness  matrix  becomes  singular  or 
Ill-conditioned.  The  final  state  can  have  large  equilibrium  error  since 
a  full  Iteration  to  convergence  Is  never  done.  More  accurate  solutions 
can  be  obtained  by  Increasing  the  number  of  steps. 

Modified  Newton  RflqAson  Method  (ENR).  This  method  can  be  used 
In  a  fully  Iterative  (single-step)  form  or  an  incremental-itorative  form. 
The  method  Iteratively  evaluates  the  difference  between  the  external 
forces  applied  at  the  nodes  and  the  Internal  reactions  to  seai’ch  for  the 
displaced  state  that  satisfies  equilibrium.  The  tangential  stiffness 
matrix  Is  used  to  estimate  the  displacement  changes  for  each  Itv^ratlon. 
This  matrix  can  be  recalculated  at  each  step  or  at  user  specified  Inter¬ 
vals.  The  MNR  method  Is  conditionally  stable.  It  can  diverge  if  the 
predictor  and  convergence  accelerators  are  Inefficient  or  inappropriate. 
Various  schemes  are  used  to  increase  the  rate  of  convergence  when  the 
step  sizes  are  too  small  or  numerical  damping  Is  too  large.  Conver^'ence 
Is  determined  when  the  displacement  and  residual  force  balance  between 
external  and  Internal  forces  are  small.  The  user  can  specify  the  con¬ 
vergence  tolerance  criteria,  the  frequency  of  tangent  matrix  stiffness 
calculations,  the  number  of  Iterations,  and  the  character  of  extrapola¬ 
tion  and  convergence  accelerators.  Default  values  are  taken  if  nc 
specification  Is  made  for  these  parameters. 

Viscous  Relaxation  Method  (VRR).  This  Is  a  generalized  form 
of  the  Newton-Raphson  method,  which  can  automat -tcaliy  adapt  the  char¬ 
acteristics  of  the  solution  steps  tc  tlie  Dehavlo.r  being  sensed.  (An 
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artificial  tina  paranatar  la  used  to  produce  load  steps  or  Iterations.) 

On  each  load  step,  the  VRR  method  iterates  while  adjusting  the  damping 
level  and  pseudo-time  step  to  move  the  equilibrium  state.  As  convergence 
is  achieved,  the  method  degenerates  to  the  Newton-Raphson  method  with  a 
stiffness  matrix  evaluation  at  each  iteration.  This  is  the  most  robust 
and  expensive  solution  method.  It  is  often  capable  of  getting  solutions 
when  others  fail.  The  VRR  method  fails  when  there  are  excessive  number 
of  iterations  or  inappropriate  selection  of  control  parameters.  The 
user  can  select  the  initial  damping  level,  step  sixe,  number  of  load 
Increments,  and  convergence  tolerancea.  Default  values  are  provided, 
but  these  parameters  are  problem  dependent.  Convergence  is  signalled  by 
a  very  low  value  of  nodal  velocities  or  displacement  changes  and  a  low 
force  residual  between  internal  and  external  forces. 

Dynamic  Solatlon  Hethoda 

Time  Domain  Analyses.  Time  domain  analyses  are  fully  nonlinear. 

IVo  basic  solution  methods  are  available  for  numerical  integration  of 
the  nonlinear  time  domain  equations.  Both  solutions  are  based  on  a 
generallred  form  of  the  Newmark  difference  equations  (Reference  8).  At 
present  there  are  no  time  domain  rigid  body  equations  available  In  SEADYN 
so  that  nonlinear  time  domain  solutions  for  ships,  platforms,  and/or 
buoys  are  not  possible. 

Implicit  Residual  Feedback  Method  (RFB).  This  Is  an  implicit 
integration  scheme  that  follows  the  more  traditional  Newmark  format  of 
solving  a  set  of  simultaneous  algebraic  equations  at  each  time  step. 

Payout /reel -in  and  moving  boundary  options  have  not  been  Implemented  in 
this  solution  method.  Specifications  of  three  Integration  parameters 
and  the  time  step  size  Is  required.  The  method  is  strongly  stable  but 
can  be  Inaccurate  for  large  time  steps. 

Direct  Integratlom  Method  (DIM).  This  Is  a  predictor-corrector 
technique  that  does  not  reqmxe  the  formation  of  a  stiffness  matrix. 
Specification  of  three  Integration  parcuseters  and  Iteration  controls  Is 
required.  Time  step  size  can  be  specified  or  calculated  by  the  solution 
routine.  The  Iterative  corrector  Is  conditionally  convergent  and  requires 
strict  upper  bounds  on  the  time  step. 

Frequency  Domain  Analyaea.  There  are  two  types  of  frequency  domain 
analyses  In  SEADYN:  a  mode  shape  cuialysls  and  a  quasl-llnear  analysis 
for  steady-state  harmonic  responses. 

Node  Shapes  and  Natural  Frequencies.  This  analysis  uses  the 
Jacobi  method  to  give  Information  about  the  cable  system's  natural 
frequencies  and  mode  shapes.  It  can  be  Invoked  after  any  other  analysis 
option.  Recall  that  the  natural  frequencies  and  mode  shapes  are  depen¬ 
dent  upon  the  cable  system's  mass  and  stiffness.  The  system's  natural 
frequencies  and  mode  shapes  will  change  for  slightly  different  structural 
configurations  or  load  conditions.  This  Information  Is  not  used  else¬ 
where  by  SEADYN.  Only  a  diagonal  mass  matrix  is  used  and  no  correction 
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is  Bad*  for  the  lack  of  taofential  added  mass  on  the  cable  elenents.  All 
other  dynaalc  options  sake  this  adjuataent.  Mode  analyses  do  not  require 
load  specifications »  but  the  displaceaent  constraints  in  the  preceding  SAO 
option  Bust  reaain  in  force.  If  these  displacements  were  Imposed  with  a 
tK)VE  record,  then  a  FIX  record  or  a  HOVE  record  will  be  required  in  the 
MODE  data  set. 

SteaityoState  HaxBooic  Eespoose.  The  other  frequency  domain 
option  if  a  quasi-llnear  procedure  that  solves  a  set  of  frequency- 
dependent  linearised  equations  for  steady-state  harmonic  responses. 

These  responses  represent  the  fully  coupled  behavior  of  a  sioored  vessel 
subjected  to  wave  forces  defined  through  a  wave-height  spectrum.  Spec¬ 
tral  superposition  techniques  are  used  to  estimate  system  response 
spectrum  data.  The  methods  used  assume  that  the  motions  Involved  are 
small  amplitude  perturbations  about  a  nonlinear  static  reference  state. 
SEADYN  has  frequency  domain  equations  for  the  response  of  spherical 
Bioorlng  buoys.  These  equations  assume  that  the  water  line  is  at  the 
equator.  It  is  assumed  that  the  frequency  domain  equations  for  the  ship 
or  platform  are  available  in  a  user-provided  file  that  gives  motion 
coefficients  and  loading  functions  versus  wave  frequency  and  heading. 

The  format  of  this  file  is  described  in  Appendix  B. 

3.4  Structure  Model 

Node  Nnmberlns  and  Minimi ming  BanArldth.  The  solution  of  simul¬ 
taneous  equations  in  SEADYN  follows  a  Guassian  elimination  procedure 
that  attempts  to  minlmiae  computer  storage  by  taking  advantage  of 
equation  symmetry  and  bandedness.  This  i..eans  that  the  amount  of  storage 
required  and  the  matrix  operations  are  sensitive  to  the  way  the  nodes 
are  numbered.  As  a  general  rule,  the  largest  difference  between  node 
numbers  defining  an  element  determines  the  bandwidth.  The  smaller  the 
bandwidth,  the  smaller  the  computer  CPU  costs.  In  calculating  the  maxi¬ 
mum  node  number  difference,  the  master  node  number  or  the  master  node 
nvjnber  plus  one  (since  node  pairs  are  vs3d  to  Include  rotation)  must  be 
used  in  place  of  the  slave  nodes.  Another  general  rule  for  node  num¬ 
bering  is  to  number  the  softer  (less  stiff)  components  first.  This 
reduces  numerical  error  propagation  in  the  analysis.  It  should  be  noted 
that  all  solution  methods  in  SEADYN,  except  the  DIM  method,  are  bandwidth 
sensitive. 

Errors  thrt  can  occur  because  of  node  numbering  can  show  up  as  a 
singular  system  of  equations.  The  message  printed  would  be  "SOLUTION 
FAILED  DTIE  TO  A  ZERO  PIVOT"  (see  Section  9.3).  This  message  also 
results  from  input  errors  and  unstable  structures,  one  should  not  be 
hasty  in  concluding  it  Is  a  result  of  accumulated  numerical  error.  A 
specific  situation  where  this  can  occur  is  in  a  multileg  mooring  of  a 
ship.  The  ship's  response  may  be  stlffer  that  the  lower  portions  of  the 
mooring  legs.  If  the  ship's  nodes  are  numbered  before  the  mooring  legs, 
numerical  error  propagation  can  cause  a  singTilar  matrix  error  at  the 
lower  ends  of  the  lines.  Numbering  the  nodes  so  that  the  ship  is  last 
will  remove  the  problem. 


14 


Rslatlv#  StlffiiMSMi  Batmen  Structure  Coaponanta.  In  modeling  cable 
structures,  moorings  In  particular,  one  often  encounters  portions  of  the 
structure  with  stlffnessaa  much  lower  than  the  rest  of  the  system  (l.e., 
heavy  chain  vs.  synthetic  lines).  Lines  carrying  very  low  tension  have 
very  little  stiffness.  When  the  line  is  at  a  point  on  its  load-deflection 
curve  where  large  displacements  result  in  small,  tension  increases,  the 
line  stiffness  (given  by  the  load-displacement  slope)  is  small.  Additional 
loads  that  produce  tension  will  stabilize  the  structure.  The  additional 
loads  will  move  the  line  farther  up  on  its  load-displacement  curve  where 
displacement  causes  a  proportional  increase  in  line  tensions  and  the  line 
stiffness  is  larger. 

Angular  notions  of  rigid  bodies,  such  as  mooring  buoys  or  ships,  can 
also  cause  instabilities.  The  restoring  moment  to  an  angular  motion  is 
provided  by  a  line  tension  at  its  attachment  point.  If  the  system  has  low 
line  tensions,  convergence  may  be  troublesome  as  there  is  little  tension 
to  provide  a  restoring  moment.  See  Vessel  Angular  Responses  section  that 
follows. 

The  problem  of  low  stiffness  components  is  compounded  by  numerical 
errors  associated  with  solving  the  stiffness  equations.  A  mixture  of 
soft  and  stiff  elements  leads  to  numerical  ill-conditioning,  which  can 
be  compounded  by  the  sequence  of  equation  processing.  This  sequence  is 
determined  by  the  order  of  the  node  numbering.  Ideally,  the  soft  com- 
pononts  should  be  numbered  before  the  stiff  ones.  Unfortunately,  one 
cannot  afford  the  luxury  of  optimum  ordering  because  it  can  greatly 
increase  the  bandwidth,  Increasing  tha  solution  costs.  Consult  Refer¬ 
ence  10  for  more  on  equation  ordering  and  solution  errors. 

Baandary  Conditlane.  The  structure  model  should  be  constrained 
between  natural  boundaries  Imposed  by  the  water  surface  and  bottom 
boundaries.  One  does  not  expect  buoys  to  rise  out  of  the  water  or 
anchors  to  sink  beyond  the  seafloor  (within  reasonable  amounts).  The 
SEADYN  program  asstimes  that  boundaries  are  fla'  and  parallel.  Checks 
are  made  at  each  step  to  see  if  nodes  are  within  the  imposed  limits.  To 
reduce  the  number  of  calculations,  the  user  specifies  which  nodes  shall 
be  checked.  When  a  specified  node  is  within  a  limit  tolerance,  it  is 
constrained.  For  buoys  at  the  water  surface  boundary,  the  node  is  held 
fixed  in  the  vertical  direction  but  is  free  for  lateral  movement.  All 
three  components  of  motion  may  be  fixed  for  anchors.  Whenever  the  line 
tensions  exceed  the  weight  or  buoyancy  of  a  body,  the  constraint  is 
released  (i.e.  a  sinker  is  picked  up  from  the  bottom).  Line  nodes  on 
the  bottom  with  no  anchor  or  sinker  should  be  constrained  only  in  the 
vertical  direction. 

Boundary  conditions  are  defined  using  the  LIMIT  record.  Boundaries 
are  defined  as  buoyant  limits  or  as  weight  limits.  The  IiLOC  record  is 
used  to  specify  which  nodes  and  bodies  are  not  to  exceed  the  limits 
specified. 

A  very  common  error  leading  to  a  singular  stiffness  matrix  is  an 
incomplete  set  of  boundary  conditions.  Boundary  conditions  must  be 
given  to  restrict  rigid  body  motions  of  the  entire  structure  and 
establish  structural  stability.  If  bodies  or  nodes  are  not  marked  as 
boundary  limited  and  exceed  the  limit,  anamalous  behcvior  can  occur. 
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Angalar  BaapanaM.  SBADYN  traata  yaw,  roll,  and  pitch 
aqui'lly  uaing  full  Sular  anfla  klnaaatlca.  Thara  ia  an  uppar  bound  of 
10  da<traaa  for  angla  changaa  during  any  aolutlon  Itaration.  Vhanavar  a 
lolutlon  atap  aatlaataa  an  angla  changa  largar  than  this  limit,  tha 
raaponsa  ia  acalad  back  to  tha  limit.  Tha  angla  limit  is  impoaad 
bacauaa  tha  diaplacamant  incramanta  ara  computad  from  a  local  linaar- 
laation  procaaa.  Any  larga  angla  changa  raaulting  from  a  linaariaad 
procaaa  f/ould  ba  inaccurate.  Whan  tha  limit  la  too  large,  tha  angla 
changaa  can  lead  to  alack  condltiona  on  tha  upper  alamanta  and/or 
arratic  behavior  of  tha  aurfaca/bottom  llmita.  With  tha  angla  limit 
kept  aufficiantly  anall  it  ia  not  nacaaaary  to  uaa  any  angla  damping. 

In  particularly  sanaltlva  aituatlona  it  may  ba  nacaaa  ry  to  make  tha 
angla  limit  quite  amall  and  incraaaa  tha  iteration  limit  to  accommodate 
aaall  changaa  in  each  itaration.  When  tha  angla  limit  ia  too  amall  the 
aolutlon  prograaa  ia  alow  and  atlffnaaa  matrix  updataa  occur  at  every 
atap  ragardlaaa  of  tha  value  given  in  tha  SOLUTION  ract  rd  Word  15 
bacauaa  angla  acaling  occura  on  every  iteration. 

Tha  temporary  fixing  of  an  angular  raaponaa  due  to  an  altamating 
moment  la  a  vary  affective  feature.  Tha  MNR  Solution  will  do  thia  auto¬ 
matically  whan  angla  raapensaa  ara  unatabla.  It  can  lead  to  dramatic 
improvamanta  in  tha  convergence  rata.  It  can  alao  ba  confualng  whan  it 
doaa  not  converge.  If  tha  limit  number  of  itarationa  la  axcaadad  while 
an  angla  ia  fixed,  tha  raaldual  force  and  diaplacamant  norm  values  may 
ba  below  the  convergence  tolerance.  In  addition  to  tha  norma  being  auf¬ 
ficiantly  amall,  all  held  angles  muat  ba  ralaaaad  before  convergence  la 
recognised.  Thla  la  bacauaa  all  held  componanta  have  their  contribution 
to  tha  residual  sat  to  saro. 

Domcrlblag  am  Initial  Geometric  Shiqpa.  Tha  aaaiaat  way  to  describe 
an  Initlel  geometric  shape  la  to  give  the  spatial  coordinates  of  key 
nodaa  and  the  horlaontal  tension  of  tha  alamanta.  With  this  Information, 
SBADTN  can  generate  the  intermediate  nodes  and  elements  and  datermlna  tha 
alamant  lengths. 

Host  often,  the  user  does  not  have  an  equilibrium  state  from  which 
to  start.  Unatratched  element  lengths  are  known  and  tha  general  form  of 
tha  structural  layout  can  be  defined,  but  the  nodal  positions  and  tensions 
ara  unknown. 

The  user  can  guess  nodal  positions  and  the  unstretched  element  lengths 
with  estimated  tensions  and  look  at  the  output  to  see  if  the  element  lengths 
ara  too  long  or  if  tension  is  too  high.  The  input  cen  be  adjusted  accord¬ 
ingly  and  the  problem  rerun.  This  will  be  an  iterative  process  but  satis¬ 
factory  configuration  can  usually  be  determined  in  a  few  trials. 

Tha  analyst  should  keep  in  mind  that  the  finite  element  model  is  an 
approximation  of  the  actual  structure.  Even  if  an  exact  description  is 
available,  it  would  not  represent  a  convergence  equilibrium  state.  Some 
minor  adjustment  in  node  positions  and  element  tensions  will  inevitably 
be  calculated. 

Solutlom  Stability  of  Large  Cable  Structure  Displacamants.  Since 
SEADYN  deals  with  large  deflection  effects,  the  position  and  velocity  of 
all  nodes  and  the  unstretched  lengths  of  all  elements  must  be  considered 
in  each  step  of  the  solution.  This  is  a  result  of  geometric  nonlinearity. 
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and  it  poses  sons  problems  not  encountered  In  small  displacement  analyses. 

In  static  analyses,  where  inertia  effects  are  ignored,  it  is  possible  to 
have  a  set  of  unstretched  lengths  and  nodal  positions  that  represent  an 
unstable  configuration  as  an  initial  model.  Unless  the  specified  loads 
and  solution  procedures  produce  appropriate  movements  to  modify  the  posi’ 
tion  of  the  nodes  and  reorient  the  elements,  the  structure  is  net  capable 
of  providing  a  static  load  path  between  the  points  where  loads  are  applied 
and  where  they  are  supported.  Another  form  of  instability  is  the  more 
familiar  buckling  instability  in  which  an  apparently  stable  structural 
configuration  will  suddenly  deform  to  a  radically  different  shape  with 
only  minor  changes  in  loading. 

Backllng  or  Slack  Linea.  Even  when  a  stable  structural  state  has 
been  obtained,  it  is  possible  to  develop  solution  instabilities  while 
subsequently  applying  additional  loads  and/or  movement.  These  problems 
result  from  physical  instabilities  in  the  structure,  such  as  buckling, 
or  from  an  inconsistent  eet  of  pretensions  that  cause  a  portion  of  the 
structure  to  go  slack,  causing  numerical  Instabilities  such  as  a  singu¬ 
lar  matrix.  Often  both  situation  occur  together.  In  general,  classical 
bifurcation  buckling  behavior  does  not  occur  with  cable  systems.  Incre¬ 
mental/  Iterative  solutions  would  show  a  buckling  instability  as  a  large 
change  in  deflection  for  a  small  change  in  load.  The  load-deflection  plot 
would  have  a  strong  curvature  with  the  slope  tending  to  zero.  Numerically, 
this  means  the  stiffness  matrix  has  some  terms  which  are  very  small  rela¬ 
tive  to  the  other  terms  and  is  ill-conditioned  (nearly  singular). 

Slow  Convergence  of  Solntlon.  If  numerical  damping  (specified  on 
the  SOLUTION  record)  is  too  large  or  the  angle  limit  is  too  small  for 
the  particular  problem,  movemenc  will  be  sluggish  and  the  force  residual 
(difference  between  Internal  and  external  forces)  will  not  change  signifi¬ 
cantly  in  any  one  Iteration.  This  can  occur  in  the  VRR  solution  if  the 
structure  is  stiff  because  of  high  loads  or  material  EA's.  The  VRR  solu¬ 
tion  will  signal  this  situation  by  repeated  output  of  the  SLOV  CONVERGENCE 
message  with  no  INCREASING  NORM  messages.  Very  slow  convergence  of  the 
VRR  method  suggests  that  the  algorithm  wants  near-zero  damping,  which  is 
the  Newton-Raphson  method.  The  appropriate  action  is  to  repeat  the  analysis 
with  a  smaller  damping  or  a  large  angle  limit. 

Alternatively,  the  HNR  method  could  be  tried  with  default  parameters. 
Sluggish  behavior  of  the  NNR  method  also  means  numerical  damping  is  too 
high  or  the  angle  limit  is  too  low. 

The  more  common  situation  is  divergent  behavior  evidenced  by  very 
large,  and  often  Increasing,  oscillating  results  in  the  iterations. 

This  usually  means  that  the  finite  element  model  does  not  have  enough 
elements.  The  solution  is  somewhere  between  two  colculated  positions 
and  the  model  will  keep  oscillating  between  them. 

Also,  a  poor  starting  point  that  requires  significant  angular  movement 
can  cause  oscillating  behavior.  In  this  case,  large  damping  may  help. 

The  VRR  approach  will  generally  work  much  better  than  the  MNR  approach 
in  these  cases  since  it  can  more  readily  adapt  to  the  problem  by  Internal 
numerical  damping  and  step-size  adjustments. 


The  adapt iv«  features  of  the  VRR  method  have  been  developed  :;o 
recognlae  a  particular  divergent  pattern  and  then  construct  a  strategy 
to  react  to  It.  It  Is  possible  that  In  other  situations  the  action 
taken  will  be  Inappropriate  or  that  a  divergent  pattern  Is  undetected. 
These  situations  usually  produce  copious  messages  with  a  mixture  of 
INCREASING  NORN  and  SUM  CONVERGENCE,  and  no  clear  pattern  of  the 
reduction  of  the  force  residual  Is  obtained.  The  solution  will  then 
fall  by  running  to  the  limit  number  of  Iterations,  time  limits,  or 
output  lines  limit  (see  SOLUTK^  record).  If  this  occurs,  the  pattern 
of  messages  and  the  values  of  the  residual  force  norms  and  velocity 
norma  should  be  studied  before  attempting  a  rerun.  Sluggish  behavior 
will  be  Indicated  by  small  velocity  and  large  residual  force  norms  with 
small  position  changes.  If  the  pattern  shows  large  velocity  norms  and 
no  definite  residuals  force  norm  pattern,  an  increase  In  damping  could 
be  effective.  Applying  the  load  In  Increments  with  the  STEP  record  is 
also  effective. 

If  very  erratic  norm  changes  occur  and  the  values  are  very  large, 
one  should  review  the  problem  input  data  to  see  if  anything  is  wrong. 

If  not,  a  different  strategy  should  be  considered.  This  may  be  a  change 
In  the  initial  state  input  and/or  a  different  mix  of  analysis  parameters. 
The  possibility  that  the  load  level  requested  produces  a  physical  Insta* 
billty  should  be  Investigated.  Very  abrupt  load  or  displacement  changes 
should  be  Introduced  Incrementally. 

Tiae  Doaialn  Analysis.  The  most  effective  solution  for  the  time 
domain  dynamics  Is  the  DIM  record.  General :..y  the  default  parameters 
will  be  appropriate.  The  choice  of  a  time  step  Is  the  main  concern. 

The  DIM  method  will  select  it  own  time  step  if  none  is  given.  One 
problem  that  occurs  for  strongly  nonlinear  dynamics  is  that  the  appro¬ 
priate  time  step  may  vary  with  time.  A  new  upper  limit  on  the  time  step 
is  calculated  only  when  there  is  a  signal  that  the  analysis  Is  not  con¬ 
verging.  The  signals  are: 

a.  A  displacement  change  norm  exceeding  1.E12 

b.  A  large  number  of  iterations  without  convergence 

c.  A  persistently  Increasing  displacement  change  norm 

In  these  situations,  the  time  step's  upper  bound  will  be  recalculated 
and  the  step  size  reduced.  It  is  possible  that  the  problem  will  not  be 
detected  early  enough  to  avoid  divergence.  Time  domain  analyses  which 
make  repeated  time  step  changes  should  be  rerun  with  the  step  forced  to 
remain  below  the  range  of  changes.  This  is  done  by  specifying  DT  on  the 
TIME  record  and  setting  JMPDT  to-1  on  the  SOLUTION  record. 

Time  domain  analyses  without  material  damping  tend  to  be  sensitive 
to  step  size  and  will  produce  spurious  oscillations  if  the  step  size 
and/or  convergence  tolerance  are  not  appropriate.  Even  with  damping, 
erroneous  oscillations  can  be  Induced  by  setting  convergence  tolerance 
(DERR)  too  high.  The  correct  value  of  DERR  is  somewhat  problem  depen¬ 
dent.  The  default  value  of  0.001  is  an  average  value.  It  should  not  be 
set  higher  without  some  verification  that  the  results  are  acceptable. 
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It  may  ba  necessary  to  set  it  lower.  One  example  of  this  Is  when  the 
time  step  Is  desired  to  be  much  smaller  than  the  upper  bound,  and  strong 
nonllnearltles  are  present  (l.e.  payout  or  bottom  Interaction).  ‘Ihere 
Is  a  tradeoff  between  step  size,  DERR,  and  the  number  of  Iterations  to 
convergence.  Although  the  optimum  mix  Is  hard  to  determine,  experience 
has  shown  that  DT  and  DERR  values  that  give  three  to  eight  Iterations 
per  step  are  reasonable  for  strongly  nonlinear  problems. 
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4.0  INPUT  FIU  DATA  SOUmjfE 


:  <  /| 

The  SEADYN  program  uees  a  free-fleld  input  format.  Information 
describing  the  program />ind  .^i'ibanalys is  options  (SAO)  is  organized  into 
modular  blocks  of  data^se'^s.  General  rules  for  entering  the  data 
records  are  given  in  l^etotibn  5.0. 

For  discussion  purposei>,'.  'the  following  terminology  will  be  used: 


data  deck: 
problem  block 

SAO  block: 

data  set: 


line: 

data  word: 
data  record: 


the  entire  input  file,  all  the  data  records 
':i  ttih  data  records  that  describe  the  cable 
I;/  stir^nture  model  ' 

the'daha  records  that  describe  the  loads  and 
analysis  methods  to  be  used  on  the  cable  structure 
the  dCtta  records  used  to  describe  a  subset  of 
,,,  informat  ion,  such  as  the  NODE  record  and  all  the 
nodal  Information  that  follows 
a  single  line  of  data  that  may  be  up  to  80 
characters 

the  value  to  be  assigned  to  an  input  variable 
a  logical  collection  of  data  words  that  describe 
an  input  entity,  e.g.  the  input  for  a  single  node. 


The  data  deck  always  begins  with  at  least  one  title  line  but  there 
is  no  limit  to  the  number  of  title  lines  allowed;  the  end  of  the  title 
record  is  signified  on  the  last  title  line  by  the  ";**  or  character. 
The  character  can  be  used  to  put  in  comments  on  a  record  after  the 

data  or  to  Insert  comment  lines.  A  NEW  record  signals  a  return  to 
problem  definition  and  an  arbitrary  number  of  title  lines  can  again  be 
used.  Either  the  PROBLEM  or  RESTART  data  set  must  follow  the  title 
record.  The  key  words  used  to  enter  the  data  are  limited  to  10  char¬ 
acters  but  only  the  first  four  are  required  for  input,  such  as  PROB  or 
REST.  The  basic  program  flow  is  represented  in  Figure  4-1. 

The  free-form  input  allows  the  data  set  for  a  ship  load  file  to  be 
read  in  the  required  fixed-field  format.  This  data  can  be  Included 
anywhere  in  the  model  description  after  the  PROBLEM  data  set.  The  fixed 
format  is  described  in  Appendix  A. 


4. 1  Model  Formulation  (Problem  Data  Block) 


The  required  sequence  for  the  problem  block  is  shown  below.  Only  a 
few  records  are  required.  The  rest  are  optional  and  are  included  only 
if  applicable.  Specific  examples  are  given  in  Section  8.0  with  example 
data  decks  for  typical  problems. 


Required  Records 


Optional  Records 


FLUI 
DRAG 

BODY  and  BLOC 
LIMI  and  LLOC 
NGEN 
FLOW 
INVE 
STRU 
SHIP 
TENS 
PAYO 
TABL 

(No  record  Is  required  to  signal  th^  end  of  the  problem  data  block, 
proceed  to  the  SAO  data  block) 

4.2  loads  And  Analysis  Deck  (SAO  Data  Block) 

The  sequencing  requirements  for  the  SAO  options  follow  a  logical 
progression  of  loading.  Unless  one  Is  absolutely  certain  that  a  con¬ 
figuration  has  been  entered  In  perfect  equilibrium,  the  DEAD  analysis 
should  always  be  first.  This  allows  the  program  to  adjust  line  lengths 
and  tensions,  nodal  positions,  and  determine  a  stable  equilibrium 
condition  to  which  the  desired  loads  can  be  applied.  The  exception  to 
this  is  the  case  where  no  gravity  loads  are  desired.  Word  (3)  on  the 
PROB  record  is  set  to  zero,  and  the  DEAD  solution  is  omitted. 

After  a  DEAD  solution,  any  of  the  other  options  can  be  selected. 
Some  common  progressions  are: 

DEAD,  LIVE,  FREQ 
DEAD,  FREQ 
DEAD,  LIVE,  TSSS 
DEAD,  LIVE,  DYN 
DEAD,  DYN 

Below  Is  a  listing  of  the  load  and  solution  type  options  for  each  SAO 
type. 


Title  $ 

PROB 

NODE 

ELEM 

MATE 


DEAD  -  FIX,  FREE,  LOAD,  LVARY,  KEEP,  MOVE,  OUTPUT,  SAVE,  SOLUTION, 
STEP 

LIVE  -  CURRENT,  FIX,  FREE,  LOAD,  LVARY,  SURFACE,  WIND,  KEEP,  MOVE, 
OUTPUT,  SAVE,  SOLUTION,  STEP 

TSSS  -  CURRENT,  FIX,  FREE,  LOAD,  LVARY,  MOVE,  PAYOUT,  SURFACE, 
TIME,  WIND,  KEEP,  OUTPUT,  SAVE,  SOLUTION 

DYN  -  CURRENT,  FIX,  FREE,  IMPACT,  INITIAL,  LOAD,  LVARY,  MOVE, 

PAYOUT,  SURFACE,  TIME,  WIND,  KEEP,  OUTPUT,  SAVE,  SOLUTION 
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MODE  -  FIX,  FREE,  MOVE,  OUTPUT,  MSOLUTION 

FREQ  -  FIX,  FREE,  OUTPUT,  SOLUTION,  STEP,  FSOLUTION,  SPECTRUM, 
EXTERNAL,  RESULTS,  HEAD,  RANDOM,  REGULAR,  DONE 


END  •*  end  of  SAO  data  block 


NEW  -  used  in  place  of  end;  next  record  Is  title  record  for  new 
PROBLEM  or  RESTART  data  block 

4.3  RESTART  FORHDLATION 

Title  $ 

RESTART 

DEAD,  1...  or  LIVE, 2...  or  D¥N,3...  or  NEW, 4... 

SAO  Data  Sets  (If  needed) 


5.0  mS-flBID  IMFUT  ROLES 

The  following  special  characters  are  recognized  by  the  free-field 
input  routine: 

$  Record  Terminator  Flag 

Signals  no  siore  data  to  be  read  for  the  record  being  processed. 
Multiple  records  can  appear  on  a  single  line  separated  by 
record  teminators.  Double-record  terminators  signal  the  end 
of  a  line,  and  any  data  following  this  are  treated  as  a  comment. 
Comments  will  be  listed  as  part  of  the  record  but  will  not  be 
transmitted  to  the  data  file. 

;  Alternate  Record  Terminator  Flag 

Performs  same  function  as  $ 

COLUHNSO  Default  Record  Terminator 

Unless  a  prior  termination  or  continuation  is  signaled, 
the  end  of  line  (COLUHNSO)  is  taken  as  a  record 
termination. 


BLANK 


Word  Delimitor  (Separator) 

Separates  sequences  of  data  entries  in  a  record.  Repeated 
dellmltors  produce  zeros  in  the  words.  Zeros  for  needed  input 
will  cause  default  values  to  be  used  by  the  program.  An 
Initial  comma  produces  a  zero  in  the  first  word  of  the  record. 
All  words  not  explicitly  defined  are  assumed  to  be  0.0.  A 
comma  can  be  used  to  signal  multiple  lines  (continuation)  in  a 
single  record.  In  this  case  only  blanks  can  occur  between  the 
last  comma  and  the  end  of  the  line  being  continued. 

Separator /De 1 imi tor 

Leading  blanks  are  Ignored.  Once  the  beginning  of  a  word 
is  detected,  a  blank  will  terminate  the  word.  Any  blanks 
following  a  delimitor  are  treated  as  leading  blanks  for 
the  next  word.  The  following  are  equivalent: 


«./y 

Continuation  Flax 

Signals  a  word  termination  with  the  next  word  to  be  read 
from  the  next  line.  See  for  alternate  continuation. 

Word  Position  Flax 

Used  to  override  the  word  sequencing  and  shift  to  a  new 
word  in  the  record.  Input  then  follows  in  sequence  from 
the  new  word  location.  The  new  word  number  is  given 
Inmiedlately  following  the  W  and  before  the  next  or  blank. 

For  exaisple:  1,  2,  3,  W7,  1. 
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The  W  C8n  be  used  as  a  dellmitor  of  the  previous  word  on 
all  but  the  first  word  In  a  record.  The  combination  ",W" 

Is  the  same  as  W  alone.  The  first  word  of  a  record  Is  not 
checked  for  the  W  flag  so  '',W"  must  be  used  to  skip  to  a 
new  sequence  from  the  first  word  position.  Any  W  after  the 
first  word  and  before  the  record  terminator  will  be 
Interpreted  as  a  position  flag. 

*  Cosmient  Record  Flan 

This  character  anywhere  on  a  record  will  terminate  It  and 
the  remainder  of  the  line  Is  treated  as  a  comment.  A 
In  column  1  produces  no  record,  and  Is  only  a  comment. 

(  Fixed  Format  Initiator  Flan 

This  In  column  1  of  any  record  after  the  title  record  signals 
that  the  records  up  to  the  next  ")”  record  are  In  fixed 
format.  These  records  are  written  on  a  special  data  file  In 
BCD  format. 

)  Fixed  Format  Terminator  Flag 

This  In  colusm  1  signals  the  end  of  a  sequence  of  rigid 
format  records. 

Any  record  with  a  or  "**'  In  column  1  will  be  treated  as  a 

comment  record.  It  will  be  listed  but  will  not  produce  a  data  record. 

Each  free- field  Input  deck  Is  pres\ined  to  begin  with  one  or  more 
title  lines.  Title  lines  are  read  and  listed  until  a  specific  record 

terminator  Is  detected  ($  or  ;  but  not  C0LUMN80).  The  line  on  which  the 

terminator  Is  detected  will  be  used  as  a  page  heading  for  the  run. 

The  apostrophe  Is  a  special  character  recognized  by  the  free-fleld 
reader,  but  not  needed  In  SEADYN  Input.  Do  not  use  the  apostrophe 
anywhere  except  In  comments  and  title  lines. 

The  free-fleld  reader  processes  the  entire  Input  deck  and  translates 
It  Into  a  series  of  data  records.  As  noted  above,  a  data  record  can  span 
more  than  one  line  or  there  can  be  one  or  more  records  on  a  line.  After 
the  title  record,  the  data  records  are  assumed  to  be  arranged  in  blocks 
headed  by  a  flax  record.  Each  flag  record  has  a  key  word  that  Is  limited 
to  ten  alpha-numeric  characters.  Only  the  first  four  characters  of  the 
key  word  have  meaning.  For  example,  ELEMENTS  could  be  shortened  to  ELEM 
to  produce  the  same  result.  In  those  Instances  where  the  key  word  has 
only  three  characters,  there  must  be  a  blank  or  word  terminator  after  the 
third  character.  The  specific  data  order  applicable  to  the  flag  record 
is  assumed  until  the  next  flag  record  is  detected.  Flag  records  must  have 
the  key  word  In  the  first  word  position. 

Data  records  are  assumed  to  be  in  floating  point  form  unless  a  char¬ 
acter  Is  detected  that  is  Inconsistent  for  a  floating  point  number.  In 
this  case,  the  word  will  be  treated  as  a  Hollerith  word.  All  floating 
point  words  assume  a  decimal  at  the  end  of  the  word  if  none  Is  given. 

Words  actually  Intended  to  be  Integers  are  converted  to  a  fixed-point 
form  at  the  time  they  are  used  by  the  program.  The  actual  length  of  a 
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data  record  la  determined  by  the  program  using  the  free-field  subroutine. 
The  maximum  length  of  a  data  record  allowed  by  the  free-fleld  reader  Is 
100  words. 

The  beginning  and  end  dellmltors  for  fixed  format  records  must  appear 
In  column  1  of  a  distinct  data  record  (individual  line).  This  specifically 
requires  that  the  previous  record  must  have  been  appropriately  terminated 
(no  continuation) .  The  (  )  dellmltors  are  the  only  things  read  on  that 
record,  and  the  next  data  processed  are  assumed  to  be  on  the  next  record. 
Only  one  rigid  format  data  set  Is  allowed  In  any  run.  A  rigid  format  data 
set  cannot  be  Input  before  the  Initial  title  record  set  is  completed. 


6.0  PMnLm  DBFINinGN  DATA 


Thera  are  two  ways  of  providing  problem  definition  data:  with  a 
PROBLEM  or  a  RESTART  data  set. 

The  PR0BI£M  data  set  provides  a  complete  specification  of  all  of 
the  nodes,  elements,  bodies,  etc.,  that  describe  the  problem  at  hand. 
The  order  of  the  data  records  is: 

Title  Record  Set 

PROBLEM 

Problem  data  sets 
SAO  Flag 

SAO  data  sets  as  needed 
END  or  NEW 


The  order  of  the  problem  data  sets  is  not  rigidly  specified.  Use  the 
data  sets  as  needed  and  follow  logical  sequences.  For  example:  NGEN 
requires  start  and  end  node  data  that  must  be  predefined  by  NODE  and/or 
other  NGEN  data. 

RESTART  presumes  a  previously  generated  restart  file  is  available 
that  contains  all  of  the  problem  description  data  and  the  results  of  the 
SAO  calculations.  RESTART  can  be  used  to  continue  the  previous  SAO  with 
some  of  the  options  and  parameters  changed,  if  desired.  At  the  completion 
of  this  SAO,  any  other  appropriate  SAO  can  be  requested.  Alternatively, 
RESTART  can  be  used  to  establish  a  starting  state  for  a  new  SAO.  The 
m>proprlate  form  for  RESTART  input  is: 

Title  Record  Set 
RESTART 

Restart  data  set 
SAO  flag 

SAO  data  sets  as  needed 
END  or  NEW 

The  data  set  descriptions  are  listed  alphabetically  by  the  flag 
record.  A  summary  of  flag  records  (four  characters)  follows: 
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Tltlt 


PROB  New  problem  definition 

BLOC  Body  locations 

BODY  Define  lumped  body  table 

DRAG  Define  drag  data  aeta 

ELEM  Line  or  cable  element  definitions 

FLON  Flow'field  library  definitions 

FLUI  Fluid  media  definitions 

INVE  Modify  component  inventory 

LINI  Limit  set  definitions 

LLOC  Limit  locations 

MATE  Material  table  definitions 

N6BN  Generate  nodes  along  a  line 

NODE  Node  point  definitions 

PAYO  Set  up  payout  topology 

REST  Restart  data 

SHIP  Ship  data  definitions 

STRU  Strum  string  definitions 

TABL  Define  optional  output  table  entries 

TENS  Initial  tension  input 

TFUN  Time  function  library  definitions 

The  next  sections  present  detailed  Instructions  for  inputting  this 

information  to  SEADYN,  including  expected  units  where  applicable 

(F  «  force,  L  “  length,  T  »  time). 
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6.1  Titl«  l«coid  tot 


Any  nunbnr  of  tltlo  linos  can  bo  usod  to  bogin  the  data  sot.  At 
loMt  ono  la  roquirod.  Tho  last  tltlo  lino  must  bo  terminated  with  a 
record  terminator  (;  or  $).  Those  record  terminator  characters  cannot 
appear  anywhere  else  In  the  title  set. 

The  NEV  flag  record  signals  a  new  title  record  Is  to  follow.  Any 
number  of  title  lines  can  be  placed  following  a  NEW  record.  The  last 
title  line  must  be  terminated  (as  usual). 


I  IU>  UM  Kji  9LM  fUi  lUl  RM  KK  Kir  KH  AifAK  lUU 


6.2  nmni  <•  New  problem  definition.  Must  Immediately  follow  title 
records  when  It  Is  used. 


Variable 

Word  Name  Description 

1  NN  Number  of  nodes  In  model 


2  NE 


Number  of  line  elements  In  model 


3 


4 


5 


6 


IDIR 


IPRO 


GRAY 


NSFlIf 


Gravity  direction  code  (see  Note  1) 

0  -  no  gravity  loading 

11  -  for  X  direction 

12  -  for  Y  direction 

13  -  for  Z  direction 

Input  print  option  flag 

0  •  echo  all  Input  data  with  Interpretation 

>1  -  suppress  Input  echo 

1  •  echo  Input  plus  print  Initial  state  data 
for  nodes  and  elements  and  approximate 
transit  times  for  each  element 

Gravitational  acceleration  (LT  ) 

Defaults  to  32.174  ft/sec^  If  IDIR  f  0  and 

GRAY  not  given 

Ship  load  data  file  flag  (see  Note  2) 

0  -  no  data  file 

N  '  ship  load  data  for  /NSFILE/  ships  are 
provided  as  rigid  format  Input  In  this 
run 

>N  -  data  file  available  with  /NSFILE/  ships 
on  It 
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Ngms 


1.  It  Is  assuMd  that  tha  gl^obal  axaa  are  selected  such  that  one  of 
tho«  coincides  with  the  direction  of  gravity.  Thus,  IDIR  -2  means 
that  gravity  acts  in  the  negative  Y  direction  (i.e.,  -fY  is  up). 

2.  If  a  ship  mooring  la  being  modeled,  the  ship's  static  load  data  file 
(for  wind  and  current  loads)  is  expected  on  tape  10  or  as  part  of  the 
input  problem  block.  Word(6)<0  means  that  the  load  data  file  was  pre¬ 
viously  created  and  aaved  on  tape  10.  Word(6)>0  means  that  the  load  data 
file  is  in  the  problem  block  with  rigid  format.  Appendix  A  describes  the 
rigid  format. 

Every  time  a  ship  load  data  file  is  in  the  problem  block  with  rigid 
format,  it  is  aaved  as  the  Nth  file  on  tape  10.  Future  runs  can  use  the 
aaved  file  by  referring  to  -N  In  NSFILE.  If  certain  ships  are  to  be 
frequently  referenced,  they  could  be  saved  on  tape  10  and  then  recalled 
for  all  future  runs. 

Only  one  rigid  format  data  file  Is  allowed  In  a  problem  block. 
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6.2.1  BLOC  -  Luaq>ed/rlgld  body  location  spec ificat Iona. 


Word 

1 

2 

3 

4 

5 


Variable 

Name 

LBODN  (I) 
LBEG 
LEND 
LINC 

LIMSET  (J) 


Description 

Body  table  number  (see  BODY  table) 
Beginning  node  number  for  body  locatlon(s) 
Ending  node  number  for  body  locatlonCs) 
Node  number  Increment 

Limit  set  number  (same  as  In  LIMIT  record) 


NOTES; 

1.  Cylindrical  buoys  use  the  attached  elements  to  define  the  orientation 
of  the  long  axis.  The  first  two  connecting  elements  are  used.  The  slopes 
of  these  two  elements  will  be  averaged  to  get  the  orientation  of  the 
cylinder.  If  only  one  element  Is  connected  to  the  body,  Its  direction 
will  be  used. 

2.  Mooring  buoys  (rigid  bodies)  require  a  minimum  of  four  nodes  In  their 
definition.  The  buoy  location  must  be  a  node  pair  to  give  position  and 
angle  (six  degrees -of -freedom,  see  NODE  Note  1).  Two  additional  slave 
nodes  must  be  tied  to  the  buoy.  These  two  nodes  are  automatically  defined 
from  the  first  two  nodes  (In  numerical  order)  slaved  to  the  buoy  location 
node.  Recall  that  slave  nodes  need  not  have  lines  attached  to  them.  The 
location  node  for  a  rigid  body  Is  the  first  of  the  node  pair  (the  one  that 
gives  the  position  coordinates).  When  less  than  three  lines  are  attached 
to  a  mooring  buoy,  the  roll  motion  about  the  line  between  the  first  two 
slave  nodes  Is  assumid  to  be  fixed  to  avoid  equation  singularity  problems. 

3.  Input  for  Words  (3)  and  (4)  Is  not  required  if  only  one  body  Is  being 
located  by  the  record. 

4.  No  more  than  10  lines  can  be  connected  to  any  body  location  with  limits 
Imposed  on  It  with  an  LLOC  or  BLOG  data  set. 

5.  The  present  version  of  SEADYN  does  not  have  a  complete  model  for  rigid 
bodies  (using  slave  and  angle  nodes)  In  the  time  domain  solutions  (DYN). 

The  slavo/master  logic  is  operational  In  the  time  domain,  but  the  dynamic 
equations  for  rigid  bodies  are  Incomplete. 
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6.2.2  B(H)T  -  Defines  lumped  body  table.  Use  BLOC  record  to  identify 
location  of  the>  bodies . 


^OTd 

Variable 

Name 

Description 

1 

I 

Body  table  number 

2 

IDRB  (I) 

Drag  function  number  (see  Note  4) 

3 

ADM  (I) 

0  -  the  default  drag  fimction  will  be  used 
(see  Appendix  C) 

1*^0  -  the  given  DRAG  function  number  from  the 
DRAG  data  set  will  be  used. 

Body  weight  (weight  is  +;  buoyancy  is  -)  (F) 

4 

DBU  (I) 

Body  diameter  (L) 

5 

BLEN  (I) 

Body  length  (L) 

6 

BANC  (I) 

0  -  sphere  or  lump 
>0  -  In-line  cylindrical  body 

Added  mass  coefficient 

7 

BWND  (1) 

(Default  for  sphere  =  O.S,  for  cylinder  =  1.0) 

2 

Wind  drag  coefficient  for  surface  buoy  (L  ) 

8 

BSCD  (I) 

(S  * 

2 

Surface  current  drag  coefficient  (L  ) 

9 

BNOH  (I) 

'S  *  *,) 

2 

Mass  moment  of  Inertia  (FLT  ) 

10 

HEDHB  (I) 

Fluid  medium  In  which  ADM(I)  is  defined. 

NOTES: 

See  FLUID  record  (Default  =  1). 

1.  Lumped  bodies  can  be  spherical  or  an  In-line  cylinder.  These  bodies 
provide  only  loads/mass  to  the  nodes  where  they  are  located.  They  do 
not  have  stiffness  terms,  nor  do  they  have  wave- Induced  loads  in  the 
FREQ  subemalysls. 

2.  Bodies  used  as  mooring  buoys  cannot  be  cylindrical.  They  are  treated 
as  rigid  bodies  In  static  analyses  and  are  assumed  to  be  spherical  bodies 
with  the  water  line  at  the  equator  In  FREQ  subanalysis  (see  Note  2  on 
BLOC  record). 


3.  EnvlronDental  loads  on  the  body  are  determined  from  the  relative 
velocity  between  the  fluid  and  node,  the  dimensions  and  form  of  the 
body,  and  the  drag  coefficients  (default  or  user  defined). 

4.  Drag  functions  are  defined  by  the  DRAG  record.  A  FLUI  record  must 
also  be  given  for  the  Input  to  be  utilized.  In  the  event  that  a  FLUI 
record  Is  given  but  no  DRAG  record  Is  given,  then  the  drag  function 
number.  Word  (2),  refers  directly  to  the  drag  function  code.  In  that 
case  II)RB(I)>0  refers  to  resident  fimctlons  and  IDRB(I)<0  refers  to  user 
defined  functions,  given  In  the  USRDRG  subroutine.  See  Appendix  D  for 
the  definition  of  USRDRG.  This  alternate  form  Is  provided  to  retain 
compatibility  with  earlier  versions  of  SEADYN.  The  preferred  method  Is 
to  use  the  DRAG  data  record. 

5.  If  the  body  Is  a  buoy  which  can  be  on  the  surface  or  pulled  tinder, 
care  must  be  taken  In  defining  the  combination  of  surface  and  subsurface 
loads.  (See  the  SURF,  WIND,  CURR  and  DRAG  data  records).  Inconsistent 
definitions  can  lead  to  abrupt  changes  In  loading  which  may  cause 
solution  Instabilities.  These  Instabilities  most  often  result  In  the 
buoy  oscillating  between  being  on  the  surface  and  being  submerged. 
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6.2.3  DRAG  ->  Defines  a  drag  function  reference  tabl^. 


Variable 
Word  Hame 

1  I 

2  IDRGFN(I) 


3  DR6PAR(N,1) 


22  DR6PAR(N,I)  (see  Notes  2  and  5) 


NOTES; 

1.  DRAG  data  Is  meaningful  only  If  a  FLUI  record  Is  provided.  DRAG 
defines  a  library  of  drag  fiuctlons  to  be  referenced  by  MATE  and  BODY 
data.  When  no  DRAG  data  set  Is  provided  to  define  a  reference  table, 
the  drag  function  numbers  used  In  the  MATE  and  BODY  data  are  Interpreted 
as  drag  function  code  references. 

2.  The  drag  function  code  selects  one  of  three  types  of  drag  functions 
for  lines  and  bodies:  resident,  user-defined,  or  default  subroutines.  A 
positive  function  code  refers  to  a  resident  fimctlons  (USRDRG  subroutines 
which  have  been  permanently  Incorporated  Into  SEADYN),  while  a  negative 
function  code  refers  to  a  user-defined  subroutine  (USRDRG  subroutines 
written,  compiled,  and  loaded  Into  SEADYN  by  the  user).  A  request  for  a 
resident  function  beyond  that  currently  defined  will  cause  an  abort  of 
the  run.  The  function  parameters  are  used  as  appropriate  for  the  resident 
functions,  and  they  are  provided  In  the  calling  sequence  to  USRDRG  (see 
Note  5). 

3.  Default  drag  functions  are  provided  In  SEADYN.  These  are  used  when 
fluid  data  is  defined  and  no  other  drag  functions  are  selected.  IVro 
situations  will  result  in  the  use  of  these  default  functions: 

a.  No  drag  function  number  Is  provided  In  the  MATE  data  for 
line  elements  or  In  the  BODY  data  for  lumped  bodies. 


Description 

Drag  function  number  (20  max)  (see  Note  1) 

Drag  function  code  (see  Note  2) 

>0  resident  function 
=0  default  function 
<0  user  defined  function 

Optional  drag  function  parameters  (20  max) 
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b.  The  value  given  for  IDRGFN  is  zero. 

The  default  drag  coefficients  are  described  in  Appendix  C. 

4.  The  USRDR6  user-defined  subroutine  format  is  described  in  Appendix  D. 

5.  The  resident  drag  functions  at  present  are: 

IDRGFN 

1  (No  DR6PAR  parameters  required) 

For  Spherical  Buoys - 

*  0.47 

For  Cylindrical  Buoys  and  Lines 
=  1.5  +  4/  VRe 

=  0.02  Cj, 

For  R  <0.10 
e 

<=N  -  »• 

=  xo. 

2  Constant  Drag  Function 

DRGPAR(1,I)  gives  nonnal  drag  coefficient,  C^ 
DRGPAR(2,I)  gives  tangential  drag  coefficient,  C,p 

(These  values  are  used  regardless  of  the  magnitude  of 
the  velocity  components . ) 

ther  functions  will  be  added  as  need  is  defined). 
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6.2.4 


Word 

1 

2 

3 

4 


5 

6 


7 


9 


10 


11 


BLIMBIT  -  Line 

or  cable  element  definitions. 

Variable 

Name 

Descrlntlon 

I 

Element  number 

IT  (1,  I) 

Node  number  for  first  end  of  element 

IT  (2.  I) 

Node  ntimber  for  second  end  of  element 

Not  used  at  present  but  the  word  position  must  be 
accounted  for. 

MAT  (I) 

Material  number 

KOMP  (I) 

Element  code  (see  Notes  4  through  7  for  catenary 
elements) 

0  -  truss  or  simplex  element  which  cannot 
support  compression 

1  -  truss  or  simplex  element  which  can 
support  compression 
>1  ■*  bottom  limited  catenary 
-2  -  catenary  with  bottom  interaction 
-3  -  catenary  with  no  possibility  for  bottom 
interaction 

KSKP 

Node  numbering  increment  for  element  generation 
(see  Note  1) 

ISI60 

Initial  state  flag  (give  on  first  element  record 
only;  see  Note  2) 

0  -  equilibrium  initial  state  with  valid  node 
positions  and  tensions. 

1  -  compatible  initial  state  with  node  positions 

defining  unstretched  lengths. 

2  -  guessed  deformed  state.  Unstretched  lengths 

given  in  Word  (10).  Node  positions  not  used 
to  compute  initial  lengths. 

SI6  (I) 

Initial  tension  (see  Notes  2,  3,  4  and  7) 

KOMP20  total  element  tension 

KOMP<0  horizontal  tension 

DSO  (I) 

Element  length  (see  Note  2) 

20  unstretched  length 

<0  get  lengths  from  the  Nth  N6EN  record 

MEDIUM  (I) 

Fluid  medium  flag  (the  element  is  assumed  to 
remain  in  the  original  medium  at  all  times). 

See  FLUID  record  (default  is  fluid  1). 
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NOTES; 


1.  Elements  must  be  In  ascending  element  number  order,  and  the  first  and 
last  ones  must  be  Input.  Any  omitted  elements  will  be  generated  using  the 
KSKP  value  on  the  element  card  following  the  omitted  elements.  Elements 
are  Incremented  by  1;  node  numbers  are  Incremented  by  KSKP.  The  element 
preceding  the  omitted  elements  Is  used  to  begin  the  Increments. 

For  example:  If  element  1,  defined  by  nodes  6  and  12,  preceded  the 
omitted  elements  and  KSKP  «  4,  then  the  next  element  generated  would  be 
element  2  defined  by  nodes  10  and  16. 

The  generated  elements  will  be  assumed  to  have  the  same  properties 
as  given  by  the  element  previous  to  the  omitted  ones.  KSKP  defaults  to 
1  If  needed  and  not  Input. 

2.  The  main  difference  In  the  Input  for  catenary  and  truss  (simplex) 
elements  Is  the  code  type  given  In  KOMP(I)  and  the  need  to  define  the 
Initial  state  for  catenaries.  The  horizontal  tension,  unit  weight  per 
length,  and  unstretched  length  need  to  be  provided  or  calculated.  This 
can  be  done  by  direct  Input  on  the  ELEM  record  or  by  using  the  N6EN  and 
TENS  records.  These  two  Input  options  are  discussed  below. 

Using  the  ELEM  record  -  the  unstretched  length  Is  given  In  Word  10 
In  this  case.  Using  this  data  and  the  weight  per  unit  length  from  the 
MATE  record,  the  Initial  state  of  the  catenary  can  be  computed.  When 
KOMP(l)  Is  negative  and  Word  10  Is  zero,  then  Word  9  Is  assumed  to  con¬ 
tain  the  horizontal  component  of  tension.  Using  this  and  the  weight  per 
unit  length  defined  In  the  HATE  record,  SEADYN  will  compute  the  Initial 
state  using  the  same  equations  as  used  by  N6EN.  (l.e.  given  H  and  W 
find  the  line  length,  the  tangent  point  on  the  bottom,  and  Initial 
tensions) . 

Using  the  N6EN  and  TENS  records  -  The  N6EN  Record  Is  a  node  genera¬ 
tor  and  has  no  function  relative  to  defining  elements.  However,  the 
unstretched  lengths  may  be  obtained  from  the  N6EN  record  by  a  cross- 
reference  number  provided  In  Word  10  of  the  ELEM  record.  The  number  In 
WIO  references  the  Nth  node  generation  record  for  a  catenary  line  In  the 
N6EN  data  set  (NGEN  records  with  NCAT^O  (straight  line  node  generation) 
are  not  counted).  A  negative  sign  Is  used  on  the  number  In  Word  10  to 
signal  that  It  Is  not  a  length.  That  will  cause  the  Initial  state  of 
the  catenary  element  to  be  computed  from  the  horizontal  component  of 
tension  and  weight  per  unit  length  provided  on  that  NGEN  record.  The 
TENS  record  calculates  tensions  for  a  line  of  elements.  The  tension  can 
be  Input  directly  or  calculated  by  using  Information  from  the  NGEN  record. 

3.  A  catenary  element  Is  signaled  by  KOHP(I)  <  0.  The  types  of  catenary 
elements  available  are: 

KOMP(I)  :=  -1:  Bottom  limited  catenary  which  never  leaves  the  bottom. 

The  bottom  node  Is  always  assumed  to  define  a  flat  bottom 
that  Is  not  penetrated  by  the  sag  of  the  line. 

KOMP(I)  =  -2:  General  catenary  with  bottom  Interaction.  Both  nodes  are 
capable  of  general  movement.  Bottom  limited  behavior  Is 
assumed  when  either  node  has  a  vertical  fixity  Imposed. 

(see  IjIMI  and  LLOC  records) 
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KOHP(I)  =  -3:  General  catenary  with  no  bottom  limits.  Both  nodes  are 
capable  of  general  movement.  No  bottom  limits  are 
Imposed  (sag  allowed)  regardless  of  the  fixity  of  the 
nodes . 

4.  The  state  of  stable  equilibrium  is  obtained  in  flexible  structures 
when  the  strained  positions  of  all  components  of  the  system  are  such 
that  the  Internal  load  distribution  supports  the  applied  loads.  An 
equilibrium  state  of  a  cable  system  modeled  as  a  set  of  discrete  ele¬ 
ments  is  described  by  a  consistent  set  of  the  following: 

-  unstretched  lengths  of  all  elements 

-  stretched  lengths  of  all  elements 

-  the  position  of  all  nodes  which  is  consistent  with  the  stretched 
lengths  (in  fact  the  stretched  lengths  are  computed  from  these) 

-  material  properties  for  all  elements 

-  applied  loads  for  the  entire  system 

-  boundary  conditions 

Using  the  nodal  positions,  the  stretched  lengths  are  computed.  Using 
the  stretched  and  unstretched  lengths,  the  strains  are  computed.  Using 
the  strains  and  the  material  properties,  the  element  Internal  loads  are 
computed.  Using  the  Internal  loads  and  the  nodal  positions,  the  nodal 
loads  from  internal  loads  are  computed.  If  these  nodal  loads  balance 
the  applied  loads,  then  the  system  is  in  equilibrium. 

ISIGO  s  0:  The  nodal  positions,  element  tensions,  and  material 
properties  are  given.  Assuming  this  is  a  reasonable  approximation 
to  an  equilibrium  state  for  some  loading,  the  nodal  positions  are 
used  to  compute  the  stretched  lengths.  Then  the  tensions  and  the 
material  properties  are  used  to  compute  the  strains  and  unstretched 
lengths. 

ISIGO  -  1:  The  nodal  positions  are  used  to  compute  the  unstretched 
lengths.  Since  there  is  no  information  about  the  stretched  lengths 
in  this  data,  there  is  no  information  about  Internal  loads  or  equi¬ 
librium.  Any  input  for  element  tensions  is  simply  guessed  data  that 
can  be  used  to  help  get  the  solution  started.  The  solution  process 
generates  successive  estimates  of  nodal  positions,  which  are  then 
used  to  get  stretched  lengths,  tensions,  and  equilibrium  checks. 

ISIGO  s  2:  Putting  together  a  coherent  set  of  nodal  positions  which 
imply  the  correct  unstretched  element  lengths  is  sometimes  a  very 
tedious  (if  not  impossible)  task.  With  this  option  unstretched 
lengths  are  input  directly.  The  nodal  position  are  then  treated  as 
only  a  guess  of  a  deformed  state  of  the  system.  As  in  the  ISIGO  =  1 
case,  the  tensions  are  simply  guesses  that  are  used  to  help  the 
solution  get  started. 

Only  the  ISIGO  =  0  option  has  the  suggestion  that  an  equilibrium  state  is 
described.  The  other  two  make  no  pretense  of  equilibrium. 
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5.  The  SEADYN  catenary  elements  use  generalized  equations  that  can 
approximate  the  combined  effect  of  gravity  and  drag  loading.  The  drag 
loading  Is  assumed  to  be  uniform  over  the  length  of  the  element.  If  a 
portion  of  the  element  lies  on  the  bottom  (KOMP(I)  =  -1  or  -2),  drag 
loading  Is  only  applied  to  the  suspended  portion.  Each  catenary  element 
Is  assiimed  to  have  purely  planar  response.  The  plane  of  the  element 
will  change  from  element  to  element  when  drag  loads  are  active.  The 
plane  for  each  element  Is  defined  by  the  direction  of  gravity  and  the 
direction  of  the  drag  force.  The  approximation  of  a  uniform  drag  load 
may  be  very  crude  for  long  sagged  elements.  More  fidelity  In  represen¬ 
ting  drag  responses  can  be  obtained  by  using  more  elements.  This  Is  an 
Important  consideration  with  KOMP(I)  =  -3  elements  which  have  deep  sag. 

6.  Output  for  catenary  elements  Is  essentially  the  same  as  for  simplex 
elements  but  should  be  Interpreted  differently.  Tension  printed  for 
simplex  elements  represent  average  values  for  the  element  and  are  best 

— IntAxpreted  as  the  tension  at  the  midlength  of  the  element.  The  tension 
given  for  a  catenary  element  represents  the  tension  at  upper  end  of  the 
element.  Besides  the  regular  tension  output,  optional  output  for  cate¬ 
nary  elements  Is  available  to  show  element  connection  data,  tangent 
vectors,  tension  at  both  ends,  and  the  length  of  line  on  the  bottom. 

Other  output  associated  with  the  catenary  elements  Is  the  Element 
Summary  Table  which  lists  the  following  data:  Element  Number  (ELT  NO), 
Horizontal  Tension  (H),  Line  Weight  per  Unit  Length  (W),  Projected  Bottom 
Length  (BOTTOM  L),  Catenary  Span  (SPAN)  and  Height  (HEIGHT),  and  Stretched 
Line  Length  (SHRETCH  L).  This  data  represents  the  Initial  state  described 
In  the  Input.  If  the  catenary  element  type  Is  -3  or  -2  and  not  on  the 
bottom,  the  bottom  length  shown  will  bo  -1.0.  This  data  Is  printed  at  the 
end  of  the  Input  Interpretation  when  IPRO  (PROB  record)  Is  1. 

7.  When  a  string  of  elements  lies  along  a  catenary  curve  generated  by 
the  N6EN  record,  the  Initial  tension  for  each  element  can  be  obtained 
using  the  TENS  record.  The  Initial  tension  will  be  taken  to  be  the 
catenary  tension  half-way  between  the  two  nodes  defining  the  element. 
SI6(I)  Is  not  Input  If  the  TENS  record  Is  used. 
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6.2.5  Ilfltf  -  Flow-field  library  def lnl':^lon8 . 


Variable 
Word  Name 


1  I 

2  IFLCOD  (I) 


3  FLPAR  (1,  I) 

4  FLPAR  (2,  I) 


12  FLPAR  (10,  I) 

NOTES! 

1.  Flow-field  codes  select  a  resident  function  or  signal  a  call  to  the 
subroutine  USdCUR.  Positive  flow-field  codes  refer  to  resident  func¬ 
tions  (permanently  Incorporated  Into  SEADYN),  while  negative  codes  refer 
to  user  defined  subroutines  (written,  compiled,  and  loaded  Into  SEADYN 
by  the  user).  A  request  for  a  resident  function  beyond  those  currently 
defined  will  cause  an  abort  of  the  run.  The  parameters  are  used  as 
appropriate  for  the  resident  fiuictlons,  and  they  are  provided  in  the 
calling  sequence  to  the  user  subroutines. 

2.  The  form  for  the  USRCUR  subroutine  Is  defined  In  Appendix  D. 

3.  The  only  resident  flow- field  function  at  present  Is: 

IFLCOD 

1  -  uniform  velocity  field 
FLPAR 

1  -  X  component  of  flow  velocity  (LT_j) 

2  -  Y  component  of  f'ow  velocity  (LT_f) 

3  -  Z  component  of  flu\<r  velocity  (LT  ) 


Description 

Flow-field  number  (10  max) 

Flow-field  code  (see  Note  1) 

>0  Resident  function 
<0  User  defined  function 

Optional  flow-field  parameters  (see  Notes) 
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6.2.6  FUUD  •  Fluid  media  definitions  (used  only  if  IDIR  f  0  on  PROB 
record).  Must  precede  HATE,  BODY  cuid  SHIP  records. 


Variable 

Word  Name  Pea cr lotion 

1  FDEPTH  (I)  Coordinate  at  fluid  surface 

2  --  Proper' ;y  code 

0  -  read  properties  from  Words  (3)  and  (4) 

1  -  1.30  X  10“^  ft^/sec,  64.0  Ib/ft® 

(seawater) 

2  -  1.68  X  10‘^  ft^/sec,  0.0765  Ib/ft^  (air) 

3  FVISC  (I)  Kinematic  viscosity  (L^  ^) 

4  FGAM  (I)  Specific  weight  (FL’^) 

NOTES; 

1.  Provide  one  record  for  each  fluid  in  ascending  order.  The  first 
fluid  given  is  assumed  to  extend  infinitely  below  its  surface. 

2.  The  FDEPTH  for  the  highest  fluid  need  not  be  given.  It  is  assumed 
to  extend  infinitely  above  the  previous  fluid. 

3.  Pressure  effects  from  the  accumulated  depths  are  ignored. 

4.  The  present  version  of  the  program  only  allows  two  fluids. 
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6.2.7  mVBNlWT  -  Units  conversion  for  component  Inventory  (see  Appendix  H 
for  the  Inventory  contents). 

Variable 


Name 

Descrintion 

1 

FRCVY 

Conversion  factor  for  weights  and  strengths 
(Default  >  1.0) 

2 

FLNVY 

Conversion  factor  for  buoy  diameters  and  lengths 
(Default  -  1.0) 

3 

FDIVY 

Conversion  factor  for  line  diameters 
(Default  =1.0) 

4 

INVPNT 

Inventory  Print  Flag 

0  -  do  not  print  Inventory 
1  -  print  all  Inventory  entries 


NOTES; 

1.  The  value  obtained  from  the  Inventory  Is  multiplied  by  the  correspon¬ 
ding  conversion  factor  to  change  the  imlts  to  match  those  implied  by  the 
problem  input  data. 

2.  Inventory  data  will  not  be  used  if  this  record  is  not  input. 


6.2.8  LIMIT  •  Lialt  s^t  d«finltions  (used  only  If  IDIR  f  0  on  PROB  record). 


I 


Motd 

Variable 

Name 

Descr lotion 

1 

LIMIT  (I) 

Limit  number  (50  max) 

2 

COROUf  (I) 

Vert  led  coordinate  of  limit  (L) 

3 

TOLIM  (I) 

Limit  tolerance  (L) 

4 

RELFAC  (I) 

Release  factor  (default  »  1.001) 

5 

JANCR  (I) 

Fixity  code 

NOTES: 

0  ■*  buoyant  limit  (surface  bound)  with  limit 

Imposed  only  on  vertical  component 

1  -  weight  limit  (bottom  bound)  with  limit 

Imposed  only  on  vertical  component 

3  >  weight  limit  with  all  three  components 
held  when  limit  Is  Imposed 

1.  This  data  set  defines  a  table  of  limit  conditions.  These  are  assigned 
to  specific  nodes  using  LLOC,  BLOC»  or  possibly  N6EN  records  (see  Note  3 
of  N6EN  record). 

2.  RELFAC  gives  the  ratio  of  the  vertical  components  of  the  line  tensions 
to  the  external  loads  at  the  limited  node  that  must  be  exceeded  to  release 
a  limit  In  a  transient  (DYN)  analysis.  External  loads  include  weight/ 
buoyancy  of  the  lines,  bodies  at  the  node,  and  any  current  and  point  loads. 
The  release  factor  Is  always  1.0  In  any  static  analysis. 

3.  When  a  limit  tolerance  Is  greater  than  zero  any  node  entering  the 
limited  region  will  be  fixed  at  the  position  where  it  Is  detected.  If 
the  limit  tolerance  Is  zero,  nodes  will  only  be  fixed  when  they  overshoot 
the  limit.  All  overshoot  of  the  limit  conditions  will  be  scaled  back  to 
the  limit  position  regardless  of  the  size  of  the  limit  tolerance. 

It  Is  recommended  that  the  limit  tolerance  be  set  at  zero  unless 
crude  approximations  of  bottom  contact  can  be  accepted.  There  appears 
to  be  little  computational  penalty  for  selecting  a  zero  tolerance. 


I 

I 

i 
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«.2.9 

LU)C  -  Limit 

location  specification. 

Variable 

Word 

Name 

Deacrintion 

1 

LIHSET 

Limit  number  (50  max;  see  Word  (1)  on  LIMIT 

record) 

2 

LBEG 

First  node  where  limit  is  applied 

3 

LEND 

Last  node  where  limit  is  applied 

4 

LING 

Node  number  increment 

NOTES; 

1.  No  more  than  10  line  elements  can  be  connected  to  a  limited  node. 

2.  Generation  of  nodes  on  a  catenary  can  cause  generation  of  up  to  two 
limited  nodes  per  catenary.  This  situation  is  described  in  Note  3  of 
the  N6EN  record. 

3.  Body  location  data  can  also  be  used  to  locate  node  limits  (see  BLOC 
record) . 


6.2.10  miERlAL  -  Material  table  definitions. 


Variable 

Word  Name  Description 

1  I  Material  set  number 

2  IDR6  (I)  Drag  function  number  (see  Note  6) 

0  -  the  default  drag  function  will  be  used 
(see  Appendix  C) 

^0  '■  the  given  DRAG  function  number  from  :he 
DRAG  data  set  will  be  used. 

3  DIAM  (I)  Cable  or  line  diameter  (L).  Used  only  for  fluid 

load  computation. 

4  G3  (I)  Weight  per  unit  length  (negative  means  buoyant) 

(F/L) 

5  MED  (I)  Reference  medium  code.  See  FLUID  record 

(default  is  fluid  1). 

6  CAMC  (I)  Added  mass  coefficient  (default  ==  1.0) 

7  TENULT  (I)  Ultimate  tension  capability  (F)  (see  Note  3) 

8  ME  (I)  Option  flag  for  tension  (T) /strain  (e)  properties 

0  -  use  exponent  form  T  =  as^ 


n  -  n  points  in  tabular 
see  Notes  1  and  2) 

form  (maximum 

9 

TT  (1,  I) 

First  tension  in  table  or  " 

a"  (F) 

10 

STR  (1,  I) 

First  strain  in  table  or  "b 

It 

11 

TID  (I) 

Damping  parameter  CA^  (FT) 

(see  Note  4) 

12 

TTK  (I) 

Damping  parameter  EA^  (F) 

(see  Note  4) 

13 

TT  (2,  I) 

Second  tension  in  table  (F) 

14 

STR  (2,  I) 

• 

Second  strain  in  table 

15 

• 

TT  (20,1) 

(repeat  pairs  for  all  table  points) 

16 

STR  (20,1) 
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NOTES; 


1.  When  tabular  Input  Is  used  and  data  are  required  outside  of  the  given 
values,  the  slope  of  the  last  (first  If  only  one)  segment  Is  assumed  to 
be  continued. 


2.  Input  must  be  In  increasing  tension  order.  Thus,  materials  with 
compression  stiffness  must  begin  by  listing  the  largest  compressive  load 
first  and  progressing  to  the  largest  tensile  load. 


3.  The  ultimate  tension  Input  Is  used  only  by  the  frequency  domain  dynamic 
solution.  When  TENULT(I)  Is  greater  than  zero,  the  random  estimates  for 
tensions  will  be  factored  and  compared  to  the  ultimate  tension. 

4.  There  are  two  material  damping  models  provided: 


KELVIN  Model 


EA  is  provided  In  the 
tenslon/straln  data 
CA^  Is  the  dashpot  coefficient 

NOAA'REID  Model 


EA 

■AAAr 


AAA^ 


EA.  Is  an  additional  stiffness  parameter.  Additional  Information 
regarding  the  applicability  and  use  of  these  models  can  be  found  In  Refer¬ 
ence  13. 

5.  TVo  methods  may  be  used  to  describe  a  material's  load-strain  Informa¬ 
tion:  a  two  parameter  exponential  format  or  a  tabular  format. 

Two  Parameter  Exponential  Format  example:  tension  =  a  (strain)^ 

MATE 

1,  ,  0.125,  5,  W8,  0,  50000,  1 

Here  a  =  50000  and  b  =  1.  This  means  there  Is  a  linear  relationship  between 
strain  and  tension  with  EA  50000. 
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Tabular  Format  Example: 

Word  8  specifies  that  5  sets  of  load-strain  information  will  be  given. 
Note  that  Words  13  and  14  are  repeated  as  many  times  as  required  to 
enter  the  number  of  data  sets  specified.  The  damping  terms  are  zero. 


HATE 

1,  ,  0.125,  5,  W8,  5,  1000.  .01.  ,  ,  10000.  .06.  25000.  0.1. 

(1)  (2)  (3) 

50000.  0.27.  100000.  0.5 
(4)  (5) 


6.  Drag  functions  are  defined  by  the  DRAG  record.  A  FLUI  record  must 
also  be  given  for  the  input  to  be  utilized.  In  the  event  that  a  FLUI 
record  is  given  but  no  DRAG  record  is  given,  then  the  drag  function 
number.  Word  (2),  refers  directly  to  the  drag  function  code.  In  that 
case  IDR6(I}>0  refers  to  resident  functions  and  IDR6(I)<0  refers  to  user 
defined  functions,  given  in  the  USRDRG  subroutine.  See  Appendix  D  for 
the  definition  of  USRDRG.  This  alternate  form  is  provided  to  retain 
compatibility  with  earlier  versions  of  SEADYN.  The  preferred  method  is 
to  use  the  DRAG  data  record. 
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6.2.11  NQKN  -  Generates  nodes  along  a  line. 


Word 

Variable 

Name 

Description 

1 

NUMN 

Number  of  nodes  to  be  generated 

2 

NOLD 

Beginning  reference  node  (lowest  node  on  a 
catenary) 

3 

I 

Ending  reference  node  (highest  node  on  a 
catenary) 

4 

KSKP 

Node  numbering  Increment  (default  =1) 

5 

NBC 

Boundary  condition  flag 

0  -  do  not  copy  constraint  codes.  Set  all 
constraints  to  zero. 

1  -  copy  constraint  codes  from  node  NOLD 

2  -  copy  constraint  codes  from  node  I 

6 

NFIRST 

Number  of  first  generated  node  (default  =  NOLD  -f 
KSKP) 

7 

NCAT 

Code  for  line  type 

0  -  straight  line 

1  -  eaten.. ‘:y  with  sag  laid  flat  at  limit 

(default  =  vertical  coordinate  of  NOLD) 

2  -  catenary  with  unconstrained  sag 

3  -  catenary  as  In  1  except  no  nodes  placed 

on  bottom.  The  first  generated  node  is 
located  above  the  bottom  tangent  point 
( if  any) . 

8 

GGATV 

Catenary  weight  per  unit  length  (FL  ^) 

9 

GCATH 

Catenary  horizontal  component  of  tension  (F) 

10 

LIMCAT 

Limit  set  number  for  NCAT  =  1  (see  Word  (1)  of 
LIMIT  record) .  May  be  used  in  place  of  the  LLOC 
data  for  nodes  generated  on  the  bottom  by  the 
NCAT  =  1  option  (see  Note  3). 

NOTES! 

1.  Both  the  beginning  and  ending  nodes  must  have  been  previously  defined 
by  NODE  or  N6EN  records.  The  beginning  and  ending  nodes  need  have  no 
numerical  relation  to  the  generated  node  numbers;  only  the  spatial  rela¬ 
tion  of  the  generated  nodes  Is  significant. 
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2.  The  value  of  KSKP  can  be  positive  or  negative.  Incrementing  starts 
from  NFIRST. 

3.  All  generated  nodes  are  evenly  spaced  on  the  generated  straight  line. 
Nodes  generated  on  a  catenary  are  placed  to  give  uniform  angle  change, 
except  for  NCAT  =  1  with  line  on  the  bottom.  If  line  on  the  bottom  Is 
detected  with  NCAT  =1,  the  touchdown  point  Is  calculated.  If  the  dis¬ 
tance  between  NOID  and  the  touchdown  point  is  greater  than  0.75  times 
the  uniform  spacing  distance,  a  node  Is  placed  at  the  touchdown  point. 

If  the  distance  Is  greater  than  1.50  times  the  uniform  spacing  distance, 
NFIRST  Is  placed  half-way  between  the  touchdown  point  and  HOLD.  The  node 
at  the  touchdown  point  Is  then  NFIRST  +  KSKP,  otherwise  the  touchdown 
point  Is  NFIRST.  (Note:  This  procedure  may  result  In  long  element 
lengths  on  the  bottom  adjacent  to  short  elements  at  the  touchdown  point. 
This  combination  may  be  troublesome  for  simplex  elements  or  the  FREQ 
analysis.)  The  remaining  generated  nodes  are  placed  on  a  new  uniform 
angle  spacing  from  the  touchdown  point  to  the  last  node.  All  nodes 
placed  on  the  bottom  are  given  the  limit  set  number  LIHCAT.  If  LIHCAT 
Is  not  given,  the  LI/)C  (or  BLOC)  records  should  be  used  to  set  limits. 

With  NCAT  ~  3  option  the  bottom  Interaction  and  touchdown  point  are 
computed  as  In  NCAT  =  1,  but  no  nodes  are  placed  on  the  bottom.  The  first 
generated  node  Is  placed  according  to  the  uniform  angle  change  from  the 
touchdown  point  to  the  top  node. 

4.  The  catenary  options  provided  here  are  simply  for  the  purpose  of 
generating  nodes  along  a  catenary  line.  They  have  no  direct  function 
relative  to  the  generation  of  catenary  line  elements  (see  the  ELEN 
record) .  Information  needed  to  calculate  the  unstretched  length  of  a 
catenary  element  can  be  passed  througih  this  node  generation  Input.  This 
is  done  by  using  NCAT  =  3  and  following  Note  7  of  the  ELEH  record.  This 
Information  pass-through  can  be  done  even  when  no  nodes  are  to  be  gen¬ 
erated  by  setting  NUNN  =  0.  This  particular  situation  arises  when  a 
single  catenary  element  Is  desired  and  the  horizontal  component  of 
pretension  Is  known  instead  of  the  line  length. 
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6.2.12  NOOB  -  Node  point  definitions. 


Word 

Variable 

Name 

Descr lotion 

1 

I 

Node  number 

2 

KSKP 

Node  generation  code  (see  note  5) 

3 

XO  (3*1-2) 

X 

4 

XO  (3*1-1) 

Y 

Global  coordinates  of  node  I  (L  for 

5 

XO  (3*1) 

Z 

-  position,  dimensionless  or  degrees  for 
angles) 

6 

NODFIX  (3*1-2) 

X 

7 

NODFIX  (3*1-1) 

Y 

-  Displacement  constraint  codes  (see  Note  2) 

8 

NODFIX  (3*1) 

Z 

9 

DFLA6 

Angular  coordinate  flag  -  "DEGREE"  means 

NOIBS: 

1.  Each  node  Is  assumed 

the  nodal  coordinates  of  angle  nodes  are 
input  In  degrees.  Otherwise  angles  are  in 
radians  (see  Note  1). 

to  require  three  components  to  describe  Its 

l^sltion  relative  to  a  global 

right-handed  cartesian  system.  Rigid 

bodies  requiring  six  degrees-of-freedoa  (ships  and  mooring  buoys)  use 
two  consecutive  nodes.  The  first  gives  position  and  the  second  gives 
angular  coordinates.  All  angular  computations  are  done  In  radians,  and 
angular  output  Is  In  radians.  Input  of  Initial  angular  positions  can  be 
either  In  radians  or  degrees  as  indicated  by  DFLA6.  No  equations  are 
available  for  rigid  bodies  In  the  time  domain  solutions  (DYN). 

2.  Constraint  codes  define  the  active  and  constrained  components  of 
movement . 

-N  -  means  the  node  Is  slaved  to  node  N 

0  -  no  constraint  (free) 

1  -  no  movement  (fixed),  subject  to  release  by  limit  set 

conditions 

2  -  Identifies  a  component  reserved  for  payout  that  will  be 

unconstrained  (free)  when  activated.  (A  flag  of  1  regains  In 
effect  on  a  node  activated  by  payout.)  Cannot  be  freed  by  a 
limit  condition. 

3  -  Identifies  a  component  that  Is  fixed  and  cannot  be  freed  by  a 

limit  set  condition. 


3.  Slave  nodes  must  be  numbered  last.  This  means  slave  node  numbers 
must  be  larger  than  any  of  the  active  and  master  nodes.  The  input 
routine  counts  the  slave  nodes  and  deducts  that  number  from  the  total 
nodes  (NN)  to  get  the  number  of  active  nodes.  Slave  nodes  need  not  have 
lines  connected  to  them.  This  allows  the  Investigation  of  the  response 
of  specific  points  on  a  ship  at  locations  other  than  the  attachments  of 
mooring  and  working  lines.  Master  nodes  are  assumed  to  be  a  node  pair 
(see  Note  1)  since  the  slave  nodes  Implies  angular  responses. 

4.  A  node  with  any  or  all  constraint  codes  set  to  1,  2,  or  3  Is  still 
considered  an  active  node  even  though  It  cannot  move.  It  Is  assumed 
that  any  of  the  constrained  components  can  be  modified  by  FREE,  MOVE,  or 
PAYOUT.  LIMIT  checks  will  affect  only  components  with  a  constraint  code 
of  1  or  0. 

5.  Input  of  nodes  need  not  be  In  numerical  order.  Nodes  can  be  entered 
more  than  once,  and  the  last  entry  will  be  the  one  used  In  the  solution. 
Omitted  nodes  can  be  generated  In  a  straight  line  with  uniform  spacing 
with  the  aid  of  the  KSKP  parameter.  If  KSKP  ^  0  on  a  node  record,  then 
that  node  is  designated  as  the  last  node  on  the  line,  and  the  one  Input 
preceding  It  Is  designated  as  the  first  node  on  the  line.  Nodes  are 
generated  evenly  along  the  line  between  these  two  points  with  node 
numbers  Incremented  by  KSKP  from  the  first  to  the  last  node.  The  dif¬ 
ference  between  the  node  numbers  at  the  ends  of  the  line  must  be  an 
Integer  multiple  of  KSKP,  and  KSKP  cannot  be  negative.  The  generated 
nodes  will  have  the  same  constraint  codes  as  the  first  node  on  the  line. 
More  general  node  generation  schemes  are  available  using  the  N6EN  record. 

6.  All  of  the  NN  nodes  must  be  accounted  for  in  the  combined  specifi¬ 
cations  for  nodes  and  generation  schemes. 

7.  All  points  of  line  attachment  to  rigid  bodies,  such  as  ships  or 
mooring  buoys,  must  be  slaved  to  the  primary  node  defining  the  body. 

The  program  Imposes  no  limit  to  the  number  or  relative  locations  of 
these  attachments,  except  that  the  frequency  domain  solution  for  mooring 
buoys  uses  the  first  two  attachments  to  define  the  local  coordinate 
system  for  the  motion  equations.  These  two  attachments  are  also  used 
for  reference  In  the  CHEK  option  (see  Note  2  on  BLOC  record). 

8.  The  Initial  orientation  of  a  ship  or  rigid  body  relative  to  the 
global  coordinate  system  (see  PROB  record.  Word  3)  must  be  Input.  The 
angle  required  In  this  definition  can  be  seen  in  the  following  sketch. 
(The  global  axes  are  X,  Y,  Z  and  the  local  ships  axes  are  1,  2,  3, 
representing  aft,  starboard,  and  up,  respectively. ) 


YA  ZA  Y  A  a  X  A  ZASv, 

u  M  ^ 


52 


6.Z.13  PAYOUT  -  Payout /reel -In  data. 


Word 

Variable 

Name 

Description 

1 

I 

Payout  set  number  (5  max) 

2 

JOP  (I) 

Node  where  payout  begins 

3 

JPELT  (I) 

Initial  element  number  for  payout 

4 

AMAXL  (I) 

Mitosis  length  (see  Notes)  (L) 

5 

NGROW  (I) 

Number  of  elements  available  for  growth 

6 

NSHRNK  (I) 

Number  of  elements  available  for  reel-ln 

7 

NELPOI  (I) 

Element  number  Increment  (default  =1) 

(see  Note  5) 

8 

MITNOT  (I) 

Reference  length  option  flag  (see  Note  1) 

=  0  use  ANAXL(I)  as  reference  length  for 
mitosis. 

1*  0  use  Initial  length  of  element  as  reference 

length. 

NOTES; 

1.  MITNOT  Is  not  a  length!  It  is  an  Integer  flag  which  tells  how  to 
compute  the  length.  Payout/reel-ln  Is  approximated  by  Incrementally 
changing  the  unstrained  element  length.  When  the  unstrained  length 
exceeds  AMAXL(I)  plus  a  reference  length  during  payout  and  N6R0W(I)  .6T.  0, 
then  a  mitosis  operation  will  be  performed.  The  payout  element  will  be 
divided  Into  two  elements.  The  original  payout  node  will  be  assigned  to 
the  division  point,  and  the  new  node  Introduced  In  the  new  element  will 
become  the  payout  node.  The  new  element  number  Is  obtained  by  adding 
NELPOI(I)  and  JPELT(I).  During  reel-ln  the  reverse  process  will  occur 
when  the  unstrained  length  Is  less  than  AMAXL(I)  and  NSHRINK(I)  6.T.  0. 

In  this  case  the  new  element  Is  Identified  by  subtracting  NELPOI(I)  from 
JPELT(I).  AHAXL(I)  =0.0  causes  the  mitosis  check  to  be  ignored. 

The  reference  length  for  payout  mitosis  Is; 

A  -  The  Initial  unstretched  length  of  the  payout  element 
JPELT(I) 

-  If  the  next  element  to  be  activated  has  a  different 
material  number 

-  or  If  this  is  the  first  mitosis  for  that  payout  end  and 
MITNOT(I)  /  0. 

B  -  AMAXL(I)  for  all  other  situations. 


53 


2.  The  elements  available  for  payout  are  inactive  until  a  mitosis 
activates  them  by  assigning  a  length  to  them.  These  elements  must  be 
Included  in  the  total  number  of  elements,  and  their  nodes,  material, 
etc.,  must  be  defined  In  the  PROBLEM  block.  The  nodes  for  these  In¬ 
active  elements  must  be  defined  with  their  coordinates  having  the  same 
Initial  position  as  the  payout  node  (causes  the  element  length  to  be 
zero).  These  nodes  must  be  given  constraint  codes  for  all  degrees-of- 
freedom.  The  appropriate  codes  are: 

1  -  If  the  component  Is  to  remain  fixed  and  subject  to  limit 

checks  (If  any)  after  mitosis 

2  -  If  the  component  Is  to  be  free  after  mitosis  but  possibly 

subject  to  subsequent  limit  checks 

3  -  If  the  component  Is  to  remain  fixed  and  not  subject  to  limit 

checks  after  mitosis 

3.  The  elements  available  for  reel-ln  must  be  active  portions  of  the 
structure  and  sequentially  connected  to  the  reel-ln  point  (no  branches). 
The  nodal  constraint  codes  on  the  reel-in  node  will  be  re-asslgned  to 
the  new  reel-ln  node,  and  the  deactivated  nodes  will  be  appropriately 
constrained  automatically. 

4.  Payout/reel-ln  can  occur  only  at  fixed  nodes  or  nodes  defined  In  MOVE 
data  sets.  In  either  case,  the  displacements  of  all  three  components 
must  be  defined. 

5.  A  positive  element  number  Increment  means  that  on  PAYOUT  the  next 
element  activated  will  have  a  higher  element  number  than  the  one  cur¬ 
rently  being  lengthened. 


I 

I 


f.-C' 
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6.2.14 

SHIP  -  Ship 

data  deflnltlona. 

Word 

Variable 

Name 

Deacr lotion 

1 

ISHIP  (I) 

Node  where  ship  is  located 

2 

LSHP  (I) 

Load  function  option  (see  Note  5) 

-1  -  search  file  on  Tape  10  for 
equivalent  ship 

0  -  use  default  analytical  load 
functions  (Appendix  6) 

N  -  use  N^  ship  from  ship  load 
file  (Tape  10). 

3 

CPROP  (I) 

Propeller  resistance  coefficient 
(default  s  1.00) 

4 

CR  (I) 

Longitudinal  hull  resistance  coefficient  only 
for  analytical  functions  (default  =  program 
calculates  one,  see  Note  6) 

5 

CS  (I) 

Hull  wetted  surface  coefficient  only  for 
analytical  functions  (default  =  2.70) 

6 

CMS 

Amidships  coefficient  to  calculate  for 

analytical  functions  (default  s  0.987 

7 

SLT  (I) 

Total  length  of  ship  (L) 

8 

SAE  (I) 

2 

End  projected  wind  area  (L  ) 

9 

SAS  (I) 

2 

Side  projected  wind  area  (L  ) 

10 

sun.  (I) 

Water-line  length  (L) 

11 

SBEAM  (I) 

Beam  at  midships  (L) 

12 

SDRFT  (I) 

Draft  at  midships  (L) 

13 

SDSP  (I) 

3 

Volume  displacement  (L  ) 

14 

APROP  (I) 

2 

Propeller  projected  area  (L  ) 

15 

FSFRW  (I) 

Load  table  wind  force  conversion  factor 
(default  =  1.0) 

16 

FSFRC  (I) 

Load  table  current  force  conversion  factor 
(default  =  1.0) 

17 

FSLEN  (I) 

Load  table  length  conversion  factor 

(default  =  1.0) 
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Variable 

Name 

Descrlntlon 

18 

FSVEL  (I) 

Load  table  velocity  conversion  factor 
(default  =  1.0) 

19 

SHIPK  (1,1) 

Heave  restoring  coefficient  (default  =  1.E22 
and  displacement  fixed) 

20 

SHIPK  (2,1) 

Roll  restoring  coefficient  (default  =  0.0) 

21 

SHIPK  (3,1) 

Pitch  restoring  coefficient  (default  =  0.0) 

2 

SHIPK  (4.1) 

Heave/pitch  restoring  coefficient  (default  =  0) 

23 

WDEPTH  (I) 

Water  depth  at  ship  location  (default  =  10  times 

draft »  see  Note  7) 


NOTES! 

1.  Linearized  ship  restoring  coefficients  can  be  Input  if  desired.  Other¬ 
wise  the  ship  will  be  assumed  fixed  in  heave  during  static  analyses.  The 
user  Is  responsible  for  assigning  fixity  to  roll  and  pitch  (if  needed)  when 
no  restoring  coefficient  is  input.  During  frequency  domain  analyses,  the 
restoring  matrix  is  obtained  from  the  ship  motion  file. 

2.  Words  (7)  through  (14)  may  be  omitted  if  LSHP(I)  «  N  and  no  similarity 
scaling  is  required. 

3.  The  conversions  factors,  Words  (15)  through  (18),  multiply  the  values 
of  force,  length,  and  velocity  from  the  ship  loading  file  to  get  values 
consistent  with  the  units  implied  by  the  rest  of  the  input  data. 

4.  The  local  coordinate  system  for  ships  assumes  the  1,  2,  and  3  direc¬ 
tions  are  aft,  starboard,  and  up,  respectively.  This  is  consistent  with 
the  loading  conventions  of  Appendixes  A,  F,  and  6. 

5.  If  LSHP(I)  -  -1,  the  ship  load  data  files  saved  on  Tape  10  will  be 
searched  to  find  a  vessel  that  most  closely  matches  the  parameters  given 
in  Words  (3)  to  (14).  The  equivalent  ship  load  data  will  be  scaled  for 
the  ship  described  in  Words  (3)  to  (14)  using  the  procedure  in  Appendix  F. 

6.  When  analytical  loading  functions  are  used,  the  longitudinal  resistance 
coefficient  can  be  input  or  calculated  using  a  table  look  up.  The  total 
coefficient,  CR(I),  consists  of  three  parts: 

*  residuary  coefficient 

»  frictional  resistance  coefficient 

AC^  s  fouling  resistance  coefficient 
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the  program  using: 

>  5  X  10^ 

K 

<  5  X  10^ 

where  R  is  Reynold's  Number  based  on  the  longitudinal  component  of  the 
vmlocltf.  Vhen  CR(I)  is  input,  it  is  taken  to  be  +  AC,.  When  it  is 
ssro  or  no  input  is  given,  then  is  obtained  from'a  table  and  AC^  is 
assumed  to  be  0.0005. 

7.  Ihe  water  depth  is  used  only  in  the  similarity  scaling  from  tabular 
ship  load  data  (see  Appendix  C). 


The  value  for  is  always  calculated  in 
r  .  0.456  1700  » 

C,  »  0.002  R. 
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6.2.15  Slinil  -  Stsnio  string  definitions. 
Variable 

Word  Name 

1  ISTRNG  (I) 

2  KSTRN6  (1,  I) 

3  KSTRN6  (2,  I) 


31  KSTRNS  (30,1) 

NOTES; 

1.  A  string  consists  of  adjacent  (contiguous)  elements  to  be  considered 
in  estimating  drag  amplification  factors  for  strumming  analyses.  An 
element  can  be  contained  in  more  than  one  strum  string  definition.  The 
drag  amplification  factor  for  each  element  listed  in  a  string  is  the 
largest  value  it  has  in  any  string. 

2.  The  maximum  number  of  strings  is  30.  The  maximum  number  of  elements 
per  string  is  20. 

3.  Drag  amplification  estimates  are  made  on  LIVE,  DYN,  ind  TSSS  subanalysis 
with  nonzero  relative  fluid  velocities  whenever  these  strum  strings  are  de¬ 
fined.  The  procedure  assumes  that  the  strings  are  supported  at  each  end  and 
an  auxiliary  vibration  mode  analysis  is  conducted  on  each  string  to  estimate 
its  possible  involvement  with  vortex  shedding- Induced  strumming.  The  general 
approach  of  Skop,  Griffin  and  Ramberg  (Ref  14)  is  used.  The  occurrence  of 
the  drag  amplification  estimates  is  controlled  by  the  changes  in  relative 
velocity  and  the  CEPS  parameter  input  on  the  SOLD  record  associated  with  the 
SAG  data  set. 


Description 

Number  of  elements  in  string  (max  20) 

List  of  string  elements 

Must  be  listed  in  sequence  from  one  end  of 
the  string  to  the  other.  It  does  not  matter 
which  end  is  listed  first. 
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6.2. 

TENSION  -  Initial 

Variable 

tension  input. 

Word 

Name 

Descriotlon 

1 

LBEO 

Beginning  element  number 

2 

LEND 

Ending  element  number 

3 

LING 

Element  lncr«iient 

4 

LCODE 

Option  code 

0  <-  assigpaed  initial  tension,  the  value 
in  Word  (5) 

N  ~  estinate  initial  tension  from  the 
catenary  defined  on  the  N6EN  records 
(see  Note  2) 

5  SI6  Tension  to  be  assigned  to  elements  (F). 

NOTES; 

1.  Catenary  line  tensions  (LCODE  -  N)  for  the  N^^  catenary  are  calculated 
at  the  midpoint  of  each  element  (see  N6EN  record  and  ELEMENT  record,  Notes  3 
and  7). 

2.  The  value  of  N  refers  to  the  N^*^  NGEN  record  which  has  an  NCAT  value 
other  than  zero.  Straight  line  generations  are  not  Included  in  the  count. 


6.2.17  TFUNCnON  ~  Time-function  library  definitions 


Ssrd 

1 


3 

4 


Variable 

Name 


I 

ITFCOD  (I) 


TPARM  (1,  I) 
TPARM  (2,  I) 


Description 

Time-function  number  (20  max) 

Time-function  code  (see  Notes) 

>0  Resident  Function 
<0  User -Defined  Function 

Optional  time-function  parameters 


22  TPARM  (20,  I) 

NOTES! 

1.  Time-function  codes  select  a  particular  form  of  resident  function  or 
signal  a  call  to  the  subroutine  USRTFN,  Positive-function  codes  refer  to 
resident  functions,  while  negative  codes  refer  to  user-defined  functions. 

A  request  for  a  resident  function  beyond  those  currently  defined  will  cause 
an  abort  of  the  run.  The  parameters  are  used  as  appropriate  for  the  resi¬ 
dent  functions,  and  they  are  provided  In  the  calling  sequence  to  the  user 
subroutine, 


2.  The  USRTFN  subroutine  Is  defined  in  Appendix  F. 

3.  The  resident  functions  presently  available: 


ITFCOD 


TPARM  INPUT 


1  RAMP  BUILD-UP/DECAY 


1  2  3  4  5 


0 


i  2 
0  0 
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ITFCOD 

2  CINE  FUNCTION  (3  variations  are  possible) 


F  =  A  Sin  [w  (T-T  )]  +  B 

s 


4  B  Tj  Tj  0 
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ITFCOD 


3  TABULAR  INPUT  (max  of  9  points  plus  end  values) 


TPARM 

1 

F 

o 

Function  value  for  times  less  than  T^ 

2 

^1 

First  time  point 

3 

^1 

First  time  function  value 

4 

^2 

etc. 

5 

F, 

« 

2 

• 

• 

• 

• 

18 

^9 

19 

^9 

20 

Function  value  for  times  greater  than 

last  time 

RANDOM  FILE 

INPirr  (not  functional  vet) 

TPARM 


1 

NOTAPES 

Number  of  excitations  (5  max) 

2 

TTZERO 

Starting  time 

on  excitation  tapes 

3 

SCAFACT  (1) 

Multiplier 

4 

(2) 

5 

(3) 

6 

(4) 

7 

(5) 

8 

SHIPVEL  (1) 

Velocities  of 

excitation  points 

9 

(2) 

10 

(3) 

11 

(4) 

12 

(5) 
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ITFCOD 


5  DOUBLE  COSINE  TRANSITION  WITH  DEAD  ZONE 


For  T  i  (Tq  -  Ty) 

F  =  F  -  F 
'  'O  DEL 

For  (Tp  -  Ty)  <  T  <  (T^  -  1^) , 

F  =  Fy  -  .5*Fjjj.j^*(l.  -  COS  (IT  (T  -  Tp  +  Tj^)/(Tj^  -  Ty))) 
For  (Ty  -  Tj^)  ^  T  S  (Ty  +  Tj^), 

F  =  F 

0 

For  (Ty  +  Tj^)  <  T  <  (Ty  +  Ty), 

^  “  ^0  +  •5*Fygj_*(l.  -  COS  (IT  (T  -  Ty  -  Tj^)/(Ty  -  T^m 
For  T  >  Ty  +  Ty. 


F  =  F  +  F 

'  'o  'del 


TPARM 

1  T^ 

2  T, 


3  Ty 

5  F---  (use  negative  to  get  reflected  form) 

UuJj 
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ITFCOD 


6  DOUBLE  COSINE  TRANSITION  -  SIMPLE  FORM 


6.3  SB8TAKT  -  Restart  data  record.  Must  Immediately  follow  title 
records  when  it  is  used. 


Vssi 

1 

2 

3 

4 


5 


Variable 

Name 

TYPE 

NTAPE 

NFILE 

IDCHK 


Description 

Solution  type  being  restarted  (DEAD,  LIVE,  DYN, 
NEW).  Job  will  abort  If  DEAD,  LIVE  or  DYN  Is 
given  and  does  not  match  restart  data. 

Restart  tape  ntimber  for  the  data  file  (1,  2,  3 
or  4,  see  Note  3) 

The  number  of  the  data  file  to  be  read  from 
the  restart  tape.  (Default  is  the  last  one 
written) 

Identification  check  flag 

0  -  No  Identification  check  is  made 


1  *■  Read  the  title  record  from  the  file  and 
compare  the  first  10  characters  with  the 
10  characters  given  In  CHKWRD  (Word  5); 
abort  If  they  do  not  match 

CHKWRD  Label  check  word  (see  Word  4),  10  characters 


(The  data  words  beyond  this  point  are  not  used  if  Word  (1)  Is  NEW) 


6 

IRST 

Restart  file  flag.  (Same  function  as  in  SAO 
data,  see  SAVE  record) 

7 

DTRSRT 

New  restart  save  time  interval 

8 

NIPR 

New  value  for  number  of  steps  between  printing. 

If  this  is  >0  and  not  equal  to  the  value  given 
previously,  the  output  Interval  will  be  changed 
by  the  ratio  NIPR  (new) /NIPR  (old) 

9 

DTOUT 

New  output  time  Interval 

10 

lOPOUT 

New  value  for  optional  output  flag 

11 

OUTPAR 

(1) 

New  values  for  optional  output  control  parameters 
(OUTP  record,  see  Note  5) 

12 

OUTPAR 

(2) 

13 

OUTPAR 

(3) 
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Variable 


Word 

Name. 

Description 

14 

OUTPAR 

(4) 

15 

OUTPAR 

(5) 

16 

OUTPAR 

(6) 

17 

DTT 

New  step  size 

18 

TMAX 

New 

maximum  time  (default 

is  old  one) 

19 

6AMNEW 

20 

BETNEW 

New 

Integrator  parameters 

(default  Is  old  values) 

21 

ALPNEW 

NOTES; 

1.  The  restart  tape  referred  to  by  NTAPE  and  the  data  file  referred  to 
by  NFILE  must  have  been  created  In  a  previous  SAO  using  the  SAVE  option. 
The  data  file  numbers  are  printed  out  in  the  run  that  saved  the  restart 
data. 

2.  TYPE  Is  used  to  signal  the  type  of  restart  to  be  executed,  NEW 
means  the  data  on  the  file  describes  the  beginning  point  of  a  new  SAO 
set,  and  an  SAO  flag  record  is  expected  on  the  next  input  record.  The 
DEAD,  LIVE,  and  DYN  types  signal  that  the  SAO  data  on  the  file  Is  the 
same  as  the  SAO  form  Indicated,  cmd  that  the  previous  SAO  Is  to  be 
continued  using  the  indicated  parameter  changes.  Subsequent  SAO  sets 
can  follow  after  the  completion  of  the  restarted  SAO.  A  restart  to  con¬ 
tinue  a  TSSS  SAO  should  have  TYPE  =  "LIVE". 

3.  The  restart  tape  can  be  assigned  to  any  tape  unit  1  through  4.  If 
the  subsequent  computations  are  to  be  saved,  SEADYN  will  write  on  1,  2 
or  3  depending  on  the  SAO  type  (see  the  SAVE  record).  Unit  4  Is 
provided  as  an  alternate  unit  to  bring  in  the  saved  file  specified  In 
Word  2  to  accommodate  that  possibility. 

4.  Words  17  through  21  are  only  used  for  a  time  domain  restart  using 
DYN,  where  the  previous  DYN  is  to  be  continued.  The  parameters 

allow  the  user  to  continue  with  the  original  values  (the  default  option) 
or  to  modify  vhem  individually  as  needed. 
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EXAMPLE 


Assume  that  on  a  previous  analysis  the  DEAD  had  executed  successfully 
but  the  LIVE  that  followed  aborted  after  saving  six  restart  files.  Now 
It  is  desired  to  restart  that  LIVE  asking  for  more  output  over  the  last 
step(s).  A  possible  restart  job  stream  Is: 


Title  Record; 

REST 

LIVE,  4,  5,  WIO,  3 
END 


Tape  4  was  used  since  the  job  will  continue  to  save  data  on  Tape  2  If 
the  restarted  job  continues  past  a  save  Interval.  It  Is  presumed  that 
additional  output  is  triggered  by  TABL  entry  3  in  the  previous  run. 
Other  examples  are  given  In  Section  8.0. 


6.4  TABLE  -  Optional  Output  Table  Definition.  This  data  record  may 

occur  within  the  problem  data  block,  Immediately  following 
the  restart  data  set,  and  in  any  SAO  data  set.  It  may  be 
used  to  define  or  redefine  the  TABL  entries  as  often  as 
needed. 

Variable 

Word  Name  Description 

1  I  Table  aet  number  (20  max) 

2  N0DBE6  Beginning  node  for  this  output  (default  =  first  node) 

3  NODEND  Ending  node  for  this  output  (default  =  last  node) 

4  NODINC  Node  number  Increment  (default  =1) 

5  ILTBE6  Beginning  element  for  this  output  (default  =  first) 

6  ILTEND  Ending  element  for  this  output  (default  =  last) 

7  ILTINC  Element  Increment  (default  =  1) 

8-10  (Reserved  for  future  options) 

11-100  lOTABL  A  list  of  the  code  numbers  for  the  optional  output 
desired.  The  list  may  be  of  arbitrary  length  and 
need  not  be  in  any  numeric  order.  See  note  2  for 
the  descriptions  of  the  code  numbers. 

NOTES; 

1.  The  data  contained  in  TABL  is  referenced  by  the  SAO  procedures  to 
produce  a  list  of  output  code  numbers  (a  template)  at  the  appropriate 
steps  of  the  analysis.  References  to  the  TABL  entry  number  may  be  made 
by  the  OUTP  record  for  static  and  time-domain  analyses  or  the  RESU 
record  for  frequency  domain  analyses.  Any  of  these  optional  data  items 
can  produce  large  amounts  of  output.  Some  of  them  can  produce  extremely 
large  amounts.  Great  caution  is  advised  in  preparing  these  requests. 

2.  Code  numbers  for  optional  output. 

Variable 

Code  No.  Name  Description 

(NODAL  DATA) 

1  XC  Present  nodal  coordinates 

2  XO  Reference  nodal  coordinates 

3  U  Present  nodal  displacements 

4  UD  Present  nodal  velocities 

5  ODD  Present  nodal  acceleration 
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Variable 

Code  No. 

Name 

Description 

6 

US 

Reference  nodal  displacements 

7 

UDDS 

Reference  nodal  accelerations 

8 

NODFIX 

Node  point  fixity  codes 

9 

Solution  increment  (has  various  names) 

10 

F 

Total  combined  load  components 

11 

F6 

Gravity  load 

12 

FP 

Point  load 

13 

FI 

Fluid  drag  load 

14 

DU 

Force  residual 

15 

VF 

Fluid  velocity  components  at  nodes 

16 

VW 

Relative  velocity  components  at  nodes 

17 

18 

19 

(ELEMENT  DATA) 

20 

A 

Drag  diameter 

21 

DS 

Present  length 

22 

OSO 

Initial  length 

23 

DSR 

Reference  length 

24 

ES 

Secant  modulus 

25 

ET 

Tangent  modulus 

26 

GHA 

Residual  added  mass 

27 

SIG 

Present  tension 

28 

SIGR 

Reference  tension 

29 

STN 

Present  strain 

30 

DRGAMP 

Present  drag  amplification  factor 

31 

TH 

Present  direction  (3  components  per  element) 

32 

THR 

Reference  direction 

33 

TRNSTR 

Local  to  global  transformation  matrix  (3X3) 

34 

MEDIUM 

Fluid  medium  code 

35 

36 

37 

38 

39 

(BODY  DATA) 

40 

Ship  loads  In  local  system 

41 

Ship  loads  In  global  system 

42 

Ship  equation  details 

43 

Body/buoy  loads  In  local  system 

44 

Body/buoy  loads  In  global  system 

45 

Body  equation  details 

46 

Euler  angle  status  report 

47 

Body  local  to  global  transformation  data 

48 

Slave/master  state  data 

49 

Slave/master  matrices 
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Variable 

Code  No.  Name  Description 


50 

GH 

51 

GK 

52 

GKS 

53 

54 

55 

•  •  • 

56 

•  •  • 

57 

•  •  • 

58 

•  •  • 

59 

•  *  • 

60 

•  •  • 

61 

•  •  • 

62 

•  •  • 

63 

•  •  * 

64 

•  •  * 

65 

•  «  • 

66 

•  •  • 

67 

68 

69 

70 

*  •  • 

71 

•  •  • 

72 

•  •  * 

73 

«  *  • 

74 

•  •  • 

75 

76 

77 

78 

79 

80 

•  *  * 

81 

•  •  * 

82 

Z 

83 

Z 

84 

85 

86 

87 

88 

89 

90 

•  *  • 

(SOLUTION  DATA) 

Global  mass  matrix  (caution:  large  size) 

Global  stiffness  matrix  (caution:  large  size) 
Element  stiffness  matrices  (caution:  large) 

List  only  diagonal  terms  of  global  stiffness  matrix 
Subroutine  trace. .. lists  names  of  major 
subroutines  as  they  are  called. 

Residual  norm  status  report 

Displacement/velocity  norm  status  report 

Numerlc&J  '?;:::::plng  progress  data 

Solution  progress  reports 

Solution  progress  details 

Compress :lve  strain  (slack)  reports 

Material  damping  force  summary 

Element  tenslon/straln  computation  details 

Catenary  element  summary 

Catenary  element  details 

Catenary  solution  details  (CATFX2  Data) 

Produce  standard  output  for  each  iteration 


Payout  progress  reports 
Payout  details 

Surface/bottom  status  reports 
Surface/bottom  details 
HOVE  nodal  motion  data 


Freq  RAO  output  (also  set  3,  27,  41,  43  as 
desired) 

Freq  response  spectrum  details 
Print  entire  complex  system  matrix  Z 
(caution:  very  large  output) 

Print  only  diagonal  terms  of  Z 


Strum  solution  details  (caution:  large) 
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7.0  SDBAIttLTSIS  (WTIOH  (SAO)  DATA 


Each  aubanalysis  la  headed  by  aii  SAO  flag  record: 


7.1 

DEAD 

Nonlinear  static  analysis  with  gravity,  buoyancy, 
and  point  loads 

LIVE 

Nonlinear  static  analysis  with  arbitrary  combined 

loads 

TSSS 

Time-sequenced  static  solutions  (approximate  dynamic 
analysis  using  LIVE  that  allows  moved  nodes,  payout, 
and  other  time-varying  loads  but  neglects  inertia 
effects) 

D¥N 

Transient  nonlinear  dynamic  analysis  (time  domain) 

7.2 

MODE 

Determination  of  natural  frequencies  and  mode  shapes 
for  current  position 

7.3 

FREQ 

Frequency  domain  dynamic  solution  (response  spectrum 
analysis)  for  wave  excitation 

7.4 

CHEK 

Component  adequacy  checks 

7.5 

END 

Run  termination 

NEW 

Ends  current  problem  and  begins  a  new  problem  -- 

title  card  read  next 

An  SAO  flag  record  has  the  flag  name  In  Word  (1)  with  no  other  data 
In  the  record.  SAO  data  sets  are  grouped  following  the  SAO  flag  to 
Identify  solution  characteristics,  loading,  boundary  conditions,  and 
output  requests.  Appropriate  default  values  are  assumed  when  no  data 
are  given.  Unless  expllclty  stated,  the  data  records  have  no  required 
order,  since  each  data  set  Is  identified  by  a  keyword. 
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7.1  ia4D»  LIVE.  TSSS,  DIN  Data  Sat 

Tha  data  sat  dascr.^ptlon  for  DEAD,  LIVE,  TSSS,  and  DYN  are  given  In 
alphabetical  order  of  the  keyword: 

Keyword 

CURE  Flow-field  specification 

FIX  Applies  temporary  fixed  conditions  to  nodes 

FREE  Releases  node  Fix 

IMPA  Impacting  body  Input 

INIT  Describes  dynamic  Initial  conditions 

KEEP  Retains  the  data  defined  in  the  preceding  SAO 
for  this  SAO 

LOAD  Specifies  load  conditions 

LVAR  Specifies  load  variation  codes 

MOVE  Specifies  dlsplacement/velocity/acceleratlon  at 

nodes 

OUT?  Selects  output  data 

PAYO  Defines  payout/reel-in  of  lines 

SAVE  Defines  restart  file  save  Intervals 

SBUOY  Specifies  vertical  surface  motion  for  a  body 

SOLD  Solution  option  characteristics 

STEP  Solution  step  size  data 

SURF  Surface  current  data 

TIME  Time  step  data 

WIND  Surface  wind  data 


72 


7.1.1  CURRENT  -  Flow-field  specification. 


Variable 
Word  Name 

1  OPTION 

2  NFLUID 

3  CURMUL 

4  NFLVRY 


Description 

"CURR'‘ 


Flow-field  number  from  library  defined  in 
FLOW  record  (see  Notes) 

Flow-field  scale  factor  (multiplier  for  the 
values  obtained  from  the  flow  library; 
default  is  1.0) 

Flow-field  variation  code 

For  LIVE  SAP 

1  -  Increase  flow  field 
Incrementally 

0  -  hold  flow  field  at  full 
amplitude 

-1  -  decrease  flow  field 
incrementally 

For  DYN  and  TSSS  SAP 

0  -  hold  flow  field  amplitude 
constant  or  use  the  time 
variation  Implied  by  the  USRCUR 
subro^^lne 

N>0  -  use  N^  time  variation  function 
from  TFUN  data  set. 


NOTES: 

1.  When  NFLUID  >  0,  the  flow  field  will  be  evaluated  each  time  the 
fluid  loads  are  calculated.  For  DYN  and  TSSS,  the  flow  velocity 
obtained  from  the  requested  flow  field  (see  FLOW  library),  will  be 
multiplied  by  CURMUL  and  the  appropriate  time  variation  code.  For  LIVE, 
the  variation  code  multiplies  the  fluid  loads  instead  of  the  fluid 
velocity. 

2.  When  NFLUID  <  0,  the  flow  field  will  be  evaluated  only  once  during 
the  SAO. 
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7.1.2  FIX  -  Applies  fixed  conditions  to  nodes. 


Variable 

Word  Name  Description 

1  OPTION  "FIX" 

2  ICODE  Constraint  code  (default  =  1,  see  Note  2) 

3  .  List  of  node  component  codes 


CODE  =  (NODE*10)  +  I 

where  I  =  1>  2,  or  3 

for  X,  Y  or  Z  direction,  respectively 


4  .  Maximum  list  length  is  98  (use  additional 

(etc.)  FIX  records  to  get  more) 


NOTES; 

1.  FIX  causes  the  selected  constraint  code  to  be  placed  in  the  constraint 
code  array  (NODFIX)  for  the  indicated  node  component.  The  node  component 
will  remain  fixed  until  released  by  a  FREE  record  or  a  LIMIT  condition. 

2.  Allowable  constraint  codes: 

1  -  Component  fixed  unless  limit  condition  overrides. 

2  ■*  Component  fixed  and  reserved  for  payout.  It  will  become  free 

when  activated  by  a  payout  mitosis*  (see  PAYO  record). 

It  cannot  be  released  by  a  limit  condition. 

3  -  Component  fixed  and  caimot  be  released  by  a  limit  condition. 

3.  The  MOVE  record  will  override  any  constraint  code. 

4.  CAUTION:  Do  not  FIX  any  components  of  a  slave  node. 


*Hltosls  refers  to  the  dividing  of  an  element  into  two  new  separate 
elements;  the  original  element  length  is  replaced  by  two  elements 
(see  Reference  1  and  the  PAYO  data  sets  for  further  details). 
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7.1.3  FREE  -  Removes  fixed  conditions  for  nodes. 


Variable 


Word  Name  Description 

1  OPTION  ’’FREE" 

2  .  List  of  node  component  codes 

CODE  =  (NODE*10)  +  I 
where  1=1,  2  or  3 

for  X,  Y,  or  Z  direction,  respectively 

3  .  Maximum  list  length  is  99  (use  additional 

FREE  records  to  get  more) . 


NOTES; 

1.  FREE  causes  a  0  to  be  placed  in  the  constraint  code  array  (NODFIX) 
for  the  indicated  component.  The  component  will  remain  free  until  reset 
by  a  FIX  record  or  a  LIMIT  condition. 

2.  CAUTION:  Do  not  FREE  any  components  of  a  slave  node. 


7.1.4  IMPACT  -  Impacting  body. 


Word 

Variable 

Name 

Descrlntlon 

1 

OPTION 

"IMPA" 

2 

IMPNOD 

Node  where  Impact  occars 

3 

IMPBOD 

Body  table  number  (see  BODY  record) 

4 

VIB  (1) 

5 

VIB  (2) 

V 

Components  of  body  velocity  due  to 

y 

Impact 

6 

VIB  (3) 

7 

lOPT 

Weight  option 

0  -  floating  body,  no  weight  added,  only 
adds  Inertia  (e.g..  Iceberg  or 
snagged  vessel) 

1  -  new  lumped  body  added  to  the  system 
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7.1.5  INITIAL  -  Describes  dynamic  initial  conditions. 


Word 

Variable 

Name 

Descriotlon 

1 

OPTION 

"INIT” 

2 

VI  (1) 

3 

VI  (2) 

Components  of  nodal  velocity 

4 

VI  (3) 

5 

NBE6 

Beginning  node  number 

6 

NEND 

Ending  node  number 

7 

NINC 

Node  number  Increment 

NOTES: 

1.  If  Word  (5)  is  zero  or  is  not  given,  the  velocity  components  are 
asstimed  to  be  on  all  nodes  in  the  system.  In  this  case,  the  last  INIT 
record  encountered  Is  the  one  used. 

2.  When  Word  (5)  through  Word  (7)  are  not  zero,  the  velocity  components 
axe  assigned  to  the  individual  nodes.  Repeat  the  INIT  records  as  many 
times  as  needed  to  define  all  nodal  velocities. 
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7.1.6  KEEP  -  Retains  the  data  from  the  proceeding  SAO. 

Variable 

Word  Name  Description 

1  OPTION  "KEEP" 

NOTES: 

1.  This  flag  causes  the  data  Initialization  to  be  bypassed,  thereby 
allowing  the  preceding  SAO  data  to  remain  In  effect.  Only  those  data  to 
be  changed  need  be  entered. 

2.  KEEP  must  be  the  first  flag  encountered  In  the  SAO  data  set  If  It  Is 
used. 
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7.1.7  LOAD  -  Specifies  load  conditions. 

Variable 

Word  Name  Description 

1  OPTION  "LOAD” 

2  LSET  Load  set  number  (3  max,  default  =  1) 

3  FP  (LSET, I) 

4  FP  (LSET,  I+l)  Fy  •  Point  load  components  (F  or  FL) 

5  FP  (LSET,  1+2)  F^ 

6  NBE6  Begin  node  number 

7  NEND  End  node  number 

8  NINC  Node  number  Increment  (default  =1) 

NOTES; 

1.  The  LVASY  record  Is  used  to  Identify  the  characteristics  of  each 
load  set  (the  loads  applied,  held  constant,  or  removed). 

2.  Load  components  are  placed  In  the  point  load  array  FP  by  load  set 
number  and  node  numbers.  Word  (6)  must  always  be  given.  The  same  loads 
can  be  applied  to  a  sequence  of  nodes  by  giving  appropriate  values  for 
Word  (7)  and  Word  (8). 

3.  If  the  node  Is  used  for  the  angular  position  of  a  rigid  body,  the 
load  Is  assumed  to  be  a  moment  about  the  specified  axis  (units  FL). 
Otherwise  the  loads  are  point  forces  (units  F) .  These  components  are 
specified  In  the  body  local  coordinate  system.  This  means  they  are 
assumed  to  move  with  the  body. 
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7.1.8  LVART  -  Specifies  load  variation  codes. 


Word 

Variable 

Name 

Descrlntlon 

1 

OPTION 

"LVAR" 

2 

ILF  (1) 

Variation  code  for  load  set 

1 

3 

ILF  (2) 

Variation  code  for  load  set 

2 

4 

ILF  (3) 

Variation  code  for  load  set 

3 

5 

NOTES: 

JDLD 

Gravity  load  variation  code 
subanalysis  (see  Note  2) 

for  LIVE 

1.  Variation  Code: 

For  DEAD  and  LIVE 

1  -  increment  the  load  set  factor  from  0  to  1.0  (apply  load) 

0  -  hold  the  load  set  factor  at  1.0  (steady  load) 

-1  >  increment  the  load  set  factor  from  1.0  to  0  (remove  load) 

For  DYN 


0  -  hold  the  load  set  factor  at  1.0  (steady  load) 

I>0  -  use  the  time  function  number  I  from  the  TFUN  data  set 
to  get  the  load  set  factor 

2.  The  only  loads  used  in  a  DEAD  SAG  are  the  Internally  calculated 
gravity  loads  and  point  loads  defined  in  LOAD  record  data  sets.  The 
gravity  loads  are  assumed  to  have  a  -fl  variation  code  in  the  DEAD  SAG. 
The  LIVE  SAG  assumes  a  variation  code  of  0  for  gravity  loads.  When  a 
LIVE  SAG  has  not  been  preceded  by  a  DEAD  SAG  it  may  be  advantageous  to 
increment  the  gravity  loads  along  with  the  LIVE  loads.  Setting  JOLD  to 
+1  will  accomplish  this. 
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7.1.9  HOVE  -  Specifies  node  point  motion. 


Word 

Variable 

Name 

Descrlotlon 

1 

OPTION 

"MOVE" 

2 

INOD 

Node  number  to  be  moved 

3 

MC  (1) 

X 

motion  code 

4 

MVC  (1) 

X 

motion  variation  code 

5 

AMP  (1) 

X 

motion  amplitude 

6 

MC  (2) 

Y 

motion  code 

7 

MVC  (2) 

Y 

motion  variation  code 

8 

AMP  (2) 

Y 

motion  amplitude 

9 

MC  (3) 

Z 

motion  code 

10 

MVC  (3) 

Z 

motion  variation  code 

11 

AMP  (3) 

Z 

motion  amplitude 

NOTES: 

1.  Motion  codes: 

0  -  no  motion  specified  (see  Note  4) 

1  -  displacement 

2  -  velocity  (DYN  and  TSSS  only) 

3  -  acceleration  (DYN  and  TSSS  only) 

2.  Notion  variation  codes: 

For  DEAD.  LIVE.  MODE,  and  FREQ 

1  *■  Increment  motion  factor  from  0  to  1.0  (apply  displacement) 
0  -  hold  the  motion  factor  at  1.0  (hold  displaced  position) 

The  motion  factor  Is  the  multiplier  of  the  motion  amplitude  for  the 
Increment  level  (load  factor)  at  the  current  step. 

For  DYN  and  TSSS 

0  -  hold  the  motion  factor  at  1.0 
I>0  -  use  the  time  function  number  I  from  the  TFUN  data  set 
to  get  the  motion  factor 
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3.  The  motion  amplitude  will  be  an  angular  displacement,  velocity,  or 
acceleration  on  nodes  used  to  define  angular  motion  of  rigid  bodies. 

4.  DYN  and  TSSS  require  all  three  motion  components  at  a  node  to  be 
defined.  Individual  components  can  be  defined  In  DEAD,  LIVE,  MODE,  and 
FREQ.  A  zero  motion  variation  code  In  DYN  and  TSSS  means  a  fixed 
component  that  remains  at  Its  Initial  position. 

5.  The  maximum  number  of  components  (X,  Y,  Z)  of  Imposed  displacements 
In  DEAD,  LIVE,  and  MODE  Is  30.  The  maximum  number  of  moved  nodes  in  DYN 
and  TSSS  Is  5. 

6.  The  constraint  code  array  (NODFIX)  entry  Is  superseded  by  a  HOVE 
Instruction.  The  constraint  code  Is  restored  at  the  completion  of  the 
SAO. 
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7.1.10 

OUITOT  -  Specifies  output  data. 

Word 

Variable 

Name 

Descrintion 

1 

OPTION 

"OUTP" 

2 

NIPR 

Number  of  solution  steps  between  printing  of 
standard  output.  (See  Notes  1  and  2) 

3 

DTOUT 

For  LIVE  with  heading  changes 

Angle  Interval  between  printing 
standard  output  (degrees) 

For  DYN  and  TSSS  (See  Notes  3  and  4) 

Time  Interval  between  printing  standard 
output.  (T) 

4 

IFROOT 

Print  standard  output  at  the  beginning  of 
this  step  only  if  this  is  nonzero 

5 

ICTOUT 

Print  catenary  output  with  standard  output 
if  this  is  nonzero 

6 

lOPOUT 

Optional  output  template  number. 

(Cross  reference  to  TABL  set  number) 

7 

IFIOUT 

Optional  output  frequency 

0  -  only  when  solution  step  is 
completed  (converged) 

1  -  for  every  iteration 

8 

OUTPAR(l) 

Value  of  solution  parameter  where  optional 
output  begins  (default  =  start  with  the 
first  one) 

>0  -  Time  (DYN  or  TSSS) 

-  Load  factor  between  0.0  and  1.0 
(DEAD  or  LIVE) 

<0  -  Step  number 

T 

0UTPAR(2) 

Value  of  solution  parameter  where  optional 
output  ends  (default  =  no  limit,  output 
conclnues  to  end  of  SAO) 

10 

0UTPAR(3) 

Increment  in  solution  parameter  between 

printing  of  optional  output.  No  negative 
values  allowed.  (See  Note  5,  default  =  do 
every  step) 
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Variable 

Word  Name  Description 

11  0UTPAR(4)  Value  of  heading  angle  when  optional  output 

begins,  (default  =  start  with  the  first 
one)  (degrees) 

12  0UTPAR(5)  Value  of  heading  angle  when  option  output 

ends,  (default  =  no  limit,  output  continues 
to  end  of  SAO)  (degrees) 

13  0UTFAR(6)  Increment  of  heading  angle  between  printing 

of  optional  output,  (default  =  print  for  all 
angle  steps)  (degrees) 

20  DTPLF  Output  flag  for  TDSIH  proprietary  Interface 

30  .....  Output  flag  for  GE  proprietary  Interface 


HOIKS; 

1.  The  standard  output  begins  with  the  value  of  the  solution  parameter 
(load  factor,  heading,  time)  for  the  current  step.  The  value  of  the 
record  counter  for  restart  data  file  (see  SAVE  record)  Is  given  If 
appropriate.  These  are  followed  by  the  node  point  fixity  codes,  the 
present  node  position  and  velocity  for  each  node,  and  the  tension  for 
each  element.  If  an  iterative  solution  is  being  used,  the  number  of 
iterations  taken  on  the  step  will  then  be  printed.  If  payout  is  active 
in  the  step,  the  status  of  the  payout  ends  will  be  given.  Standard 
output  is  given  at  the  end  ?f  each  subanalysis.  The  initial  position 
output  is  always  given  if  IFROUT  is  nonzero.  Output  Is  also  given  when 
the  load  or  time  parameter  exceeds  the  value  of  the  parameter  at  the 
last  output  plus  the  output  Interval.  Extra  output  records  can  be 
produced  when  a  restart  request  does  not  correspond  with  an  output 
Interval  (see  SAVE  record). 

2.  NIPR  is  used  to  calculate  the  output  Interval  by  multiplying  the 
first  step  size  by  NIPR.  The  output  interval  remains  the  same  even 
though  the  step  size  is  changed  unless  NIPR  =  1.  When  NIPR  ~  1,  the 
output  Is  at  every  step,  regardless  of  step  size. 

3.  DYN  and  TSSS  cap  use  NIPR  or  DTOUT  to  determine  the  output  Interval. 
If  both  are  given,  DTOUl  has  precedence. 

4.  Output  for  LIVE  SAO  with  heading  changes  will  occur  at  angle  Inter¬ 
vals  selected  by  DTOUT.  If  DTOUT  is  not  given,  the  results  will  be 
output  at  every  angle  calculated.  NIPR  has  no  effect  on  heading  change 
output.  DTOUT  has  no  effect  on  LIVE  incremental  stages  where  load  magni¬ 
tude  is  bein'*  varied. 
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5.  Negative  valuea  for  OUTPARCl)  and  (2)  signal  that  they  refer  to  step 
number,  not  solution  parameter  (e.g.  load  factors,  time,  heading).  The 
value  given  for  0UTPAR(3)  must  correspond  to  the  type  of  data  given  for 
0UTPAn(2).  If  OUTPAR  (2)  is  negative,  0UTPAR(3)  is  the  step  number  incre¬ 
ment.  If  0UTPAR(2)  is  positive,  0UTPAR(3)  is  the  parameter  Increment. 
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7.1.11  PATQUT  -  Payout/reel -In  data. 


Variable 

Word  Name  Description 


1 

OPTION 

"PAYO" 

2 

I 

Payout  set  number  (5  max) 

3 

NPOVRY  (I) 

Time  variation  function  number  (see  Note  2, 
default  -  constant  payout  rate) 

4 

PAYV  (I) 

Payout  rate  multiplier  for  time  function 
(default  =  0.0)  (LT‘^) 

+  for  payout 
-  for  reel-ln 

5 

NPTVRY  (I) 

Tension  variation  function  number 

(see  Note  2,  default  ^  no  tension  variation) 

6 

PAYVTN  (I) 

Payout  rate  multiplier  for  tension 
(default  =  0.0)  (LT-1) 

7 

PAYTEN  (I) 

Reference  tension  (default  =0.0)  (F) 

8 

NPAVRY  (I) 

Acceleration  variation  function  number 
(see  Note  2,  default  =  no  acceleration 
variation) 

9 

PAYVAC  (I) 

Payout  rate  multiplier  for  acceleration 
(default  =  0.0)  (I.t‘^) 

10 

PAYACC(I) 

Reference  acceleration  (default  =0.0) 

(hT“^) 

NOTES; 

1.  Payout  rate  Is  computed  as  the  sum  of  three  possible  effects.  These 
are  a  predefined  time  variation,  a  variation  due  to  current  tension  In 
the  payout  element,  and  a  variation  due  to  the  current  accelerai  Ion  of 
the  payout  node  tangent  to  the  payout  element. 

2.  Variation  function  numbers  refer  to  time-function  numbers  defined  on 
the  TFUN  data  set.  The  Input  variable  to  the  functions  are  time,  tension 
and  acceleration,  as  Indicated.  The  time  function  causes  the  payout  rate 
to  be  a  function  of  time,  where  NPOVRy(I)  Is  the  TFUN  function  number  de¬ 
scribing  the  time  variation.  The  tension  variation  function  causes  the 
payout  rate  to  be  a  function  of  line  tension  where  a  given  tension  range 
would  result  In  no  payout.  Tensions  above  that  range  would  Increase  the 
payout  rate,  tensions  below  would  cause  reel-ln.  NPTVRY(I)  is  the  TFUN 
function  set  number  describing  the  tension  variation.  Similarly,  the 
acceleration  variation  function  causes  the  payout  rate  to  be  a  function 
of  live  acceleration;  NPAVRY(I)  Is  the  TFUN  function  number  describing 
the  live  acceleration  variation. 
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7.1.12  841^  •*  Defines  restart  file  save  Intervals. 


Word 

Variable 

Nsne 

Descrintion 

1 

OPTION 

"SAVE" 

2 

IRST 

Restart  file  flag 

0  “  do  not  save  records 
-N  -  rewind  file  and  save  every  n 
output  record 

N>1  -  e^end  present  file  and  save  every 
N  output  record 

3  DTRSRT  Restart  save  time  interval  (DYN  and  TSSS 

SAG  only)  (T) 

4  NIXPRN  Output  suppress  flag  (see  Note  3) 

NOTES: 

1.  Restart  files  are: 

01  -  DEAD 
02  -  LIVE,  TSSS 
03  -  DYN 

2.  When  DTRSRT  Is  given  for  DYN  or  TSSS>  IRST  is  used  only  to  signal  file 
rewinds.  The  restart  data  is  then  written  when  the  current  time  is  greater 
than  or  equal  to  the  time  of  the  last  save  plus  the  save  time  interval. 

3.  If  the  step/time  on  the  SAVE  record  does  not  coincide  with  the  OUTPUT 
record  request,  then  an  extra  output  record  will  be  produced  unless  NIXPRN 
i  0. 
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7.1.13  SBUOT  -  Specifies  vertical  motion  for  a  body  on  the  surface. 


Variable 

Word  Haae 

1  OPTION 

2  NODSUR 

3  NMOTO  (I) 

4  IBS  (I) 

5  SBAMP  (I) 
NOTES; 


Description 

"SBUO” 

Node  where  body  is  located 
Motion  code 

1  ■*  displacement 

2  -  velocity 

3  -  acceleration 

Time  function  number  (see  TFUN  record) 
Surface  motion  amplitude 


1.  The  motion  Indicated  by  these  parameters  will  be  Imposed  on  the 
vertical  component  whenever  the  body  located  at  a  limit.  This  means  the 
body  node  must  appear  on  the  LLOC  record.  When  the  liii  It  restraint  Is 
exceeded,  the  body  is  released  from  the  motion  and  the  limit  condition. 
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7.1.14  SOUiriGN  -  Specifies  solution  option  characteristics. 


Variable 
Word  Name 

1  OPTION 

2  SOPTN 


3  DMU 

4  RERR 

5  DERR 

6  DALPHA 

7  DBETA 

8  SRCHFC 


Description 

"SOLD" 

Solution  method: 

For  DEAD,  LIVE,  TSSS,  FREQ 
VRR  (default) 

MNR 

RFB 

For  DYN 

DIM  (default) 

RFB 

Numerical  damping  factor  (see  Note  1;  MNR 
default  =  0,  VRR  default  =  0.001) 

Residual  norm  error  bound  (default  =  0.001, 
see  Note  2) 

Displacement  and  pseudo-velocity  norm  error 
bound  (default  ®  0.001,  see  Note  2) 

Proportional  damping  multiplier  of  mass 
matrix  (DYN) 

or 

Ship  angle  damping  (VRR  and  MNR) 

Proportional  damping  multiplier  for 
stiffness  matrix  (DYN) 

or 

Buoy/Body  angle  damping  (VRR  and  MNR) 

ID  search  factor  for  MNR  method  (see  Note  4) 

=0.0  -  no  ID  search  of  alternating 
estimates 

<0.0  -  no  alternating  estimate  checks 
>0.0  -  the  ID  search  initial  guess  factor 


or 

Alpha  integration  parameter  (VRR  default  =  1.0) 
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Word 

Variable 

Name 

DescrlDtlon 

9 

PARMT 

MNR  method  extrapolation  parameter 
(default  *  0.9,  see  Note  5) 

or 

Initial  pseudo-time  step  (VRR  default  =  1.0) 

10 

CEPS 

Strum  update  parameter  (default  =  0.0001) 

0.0  -  no  drag  amplifications  for  this 

SAO 

<0.0  -  calculate  drag  amplifications  only 
once  per  SAO 

>0.0  -  calculate  drag  amplification  at 
the  beginning  of  this  SAO,  and 
each  time  the  relative  velocity 
norm  changes  more  than  CEPS  (see 
Note  6). 

11 

NUP 

Update  option  flag  (let  default) 

12 

JMPDT 

Step-size  control  number  (default  =  2,  see 
Note  7) 

13 

LMITER 

Iteration  limit  (default  =  50  for  static, 

=20  for  dynamic) 

14 

KONVRT 

Number  of  trials  before  divergence  abort 
(default  =  3) 

15 

NRUP 

Newton-Raphson  update  interval.  Used  on  MNR 
method  to  signal  hov/  often  to  recalculate 
the  tangent  stiffness  matrix,  K.^.  This  Is 
a  packed  word: 

•  Units  and  tens  digits  give  number  of 
steps  before  new  K^. 

•  Hundreds  and  above  digits  give  the 
number  of  alternating  sign  trials 
on  a  given  step  before  new  K-, 

(default  =  105,  l.e.,  one  alternating 
try  and  five  steps) 

16 

ANGLIN 

Upper  bound  on  response  angle  in  VRR  and  MNR 
iterations  (default  =  1.0,  see  Note  8) 
(degrees) 

17 

RNRMLM 

Upper  bound  on  Initial  residual  norm  for  MNR 
(default  =  3.0,  see  Note  9) 
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1.  The  nuaerlcal  dashing  factor,  DMU,  la  used  to  avoid  problems  with 
singular  or  Ill-conditioned  stiffness  matrices.  It  has  no  Influence  on 
the  DIH  method.  It  should  be  used  with  caution  with  the  RFB  method 
since  It  altera  the  stiffness  matrix,  hence  the  equilibrium  equations. 
Possible  values  are: 

DMU  >  1.0  very  heavy 

1.0  >  DMU  >0.1  heavy 

0.1  >  DMU  >  0.01  BKxlerate 

0.01  >  DMU  >  0.001  light 

0.001  >  DMU  very  light 

If  IMU  <  10  and  a  singularity  Is  encountered,  then  DMU  Is  set  to  0.001, 
and  the  step  Is  tried  again.  On  a  repeated  singularity,  DMU  Is  Increased 
t^'  0.1,  and  the  step  Is  tried  once  more.  If  the  singularity  persists, 
the  calculation  le  aborted.  The  VRR  method  actively  manages  the  value  of 
Dtfi)  based  on  solution  progress.  Changing  the  Initial  value  changes  the 
nature  '>f  the  program's  progress. 

2.  The  error  bounds  RERR  and  DERR  are  used  to  test  for  convergence  of 
the  Iterations.  RERR  Is  used  only  In  the  HNR  and  VRR  methods.  DERR  is 
used  In  HNR,  VRR,  and  DIH  methods. 

The  convergence  criteria  are: 

RNGRH  <  /RERR/ 

DNORM  <  /DERR/ 

where  RNORM  and  IWORM  represent  norms  of  the  nodal  force  residual  and 
displacement  Increments,  respectively.  Both  of  these  Inequalities  must 
be  satisfied  for  convergence  of  the  MNR  iterations,  while  only  the  dis¬ 
placements  are  checked  In  the  DIM  method.  The  VRR  solution  checks  the 
residual  (RERR)  as  well  as  displacements  and  velocities  (DERR). 

The  term  "norm"  Is  used  here  to  mean  a  scalar  measure  of  the 
magnitude  of  a  vector.  A  norm  goes  to  zero  as  all  of  the  components  of 
a  vector  go  to  zero.  Some  flexibility  in  the  form  of  these  norms  is 
available.  If  the  value  of  RERR  is  greater  than  .'tero,  then: 

where: 

R.  “  the  1^^  component  of  the 

nodal  force  residual 

N  s  the  total  number  of  nodal 

degrees -of - freedom 

T  s  the  maxlmiun  element  tension 
max 


N 

I  »//" 

1»1 

RNORM  -  - = - 

^max 
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If  th«  valu*  of  RERR  Is  nagativ«»  than: 


RNORM 


I 

M 

I 


whara: 

M  B  tha  total  nunbar  of  nodal 

components  including  the  fixed 
nodes;  i.e.,  the  reactions  are 
included  in  the  denominator 
(HNR  method  only). 


If  the  value  of  DERR  is  greater  than  zero  on  static  analyses,  then: 


DNORM 


N 

J  h^(Aq^)/N 
.1-1 


1/2 


where: 

A(Aq^) 


the  i^  component  of 
of  the  change  in  the 
displacement 
Increment . 


If  DERR  is  negative  on  static  analyses  (except  VRR  method),  then: 


DNORM 


In  the  DYN  subanalysis,  the  norm  selection  is  the  opposite  of  that 
selection  used  in  static  analyses.  See  the  discussion  of  norms  in 
Reference  7. 

3.  The  tersu  DALPHA  and  DBETA  can  be  used  to  specify  internal  damping 
proportional  to  the  mass  amd/or  stiffness  matrix.  Hie  assumed  form  of 
the  damping  matrix  is: 

[C]  =  a  [Ml  +  p  [K] 

This  procedure  can  be  used  in  DYN  subanalysis. 
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T1i«  ID  •tarch  factor,  SRCHFG,  can  be  used  with  the  MNR  method  in  an 
atteiqit  to  enhance  a  poor  initial  confisuration.  See  the  diacuaaion  of 
the  tWR  method  in  Reference  8. 

5.  PARKT  la  an  extrapolation  parameter  used  in  the  incremental  MNR  method. 
The  starting  estimate  for  the  displacement  on  all  but  the  first  step  is 
the  accunnilated  displacements  from  the  previous  step  plus  PARMT  times  the 
change  in  displacement  calculated  from  the  preceding  step. 

6.  When  strum  strings  are  defined  in  the  STRUM  record  and  CEPS  is  not  zero 
for  LIVE,  DTN  or  TSS8  SAO's,  drag  amplification  factors  will  be  computed 
for  the  strings.  This  computation  will  be  done  at  the  beginning  of  the 
subanalysis  and  whenever  the  relative  velocity  between  the  fluid  and  cable 
elements  changes  significantly.  A  significant  change  is  indicated  by: 


VNORMj  -  VNORMjj 


VNORMj^ 


>  CEPS 


where  VNORM 


N 


J  (VF(I)  -  UD(I)r 


1-1 


N 


1/2  i 
VF 


UD 


time  when 

drag  asqpliflcatlon 
were  last  calculated 
present  time 
fluid  velocity 
components  at  each 
node 

nodal  velocity 
components  (DYN  only) 


7.  JMPDT  is  for  time  domain  methods  only  and  will  not  work  for  static 
solution  methods.  Time  domain  cmalyses  which  make  repeated  time  step 
changes,  should  be  rerun  ilth  the  step  forced  to  remain  below  the  range 
of  changes.  This  is  done  by  specifying  DT  (TIME  record,  Word  2)  and 
setting  JHPDT  to  >1. 


8.  Static  analyses  involving  ships  and  other  rigid  bodies  can  encounter 
problems  in  controlling  angular  responses  of  the  bodies.  AN6LIM  is  used 
to  avoid  irrational  angle  changes  In  the  iterative  or  incremental  process. 
Whenever  the  largest  angle  change  in  an  iteration  exceeds  AN6LIH,  the 
entire  change  In  response  is  scaled  back  to  assure  the  limit  is  not  ex¬ 
ceeded.  This  has  the  effect  of  a  numerical  damping  or  underrelaxation. 
Resetting  AN6LIH  to  a  small  value  may  prove  to' be  a  strong  impediment  to 
the  progress  of  the  analysis  since  very  little  net  litovc^-^^nt  vo'?ld  be 
allowed  on  each  Iteration.  Giving  a  large  value  for  ANGLxM  essentially 
removes  its  Influence. 


9.  KNR  solutions  check  the  value  of  the  residual  norm  at  the  beginning 
of  a  solution  step.  If  that  norm  is  larger  than  RNRHLH  and  there  are 
load  variation  codes  which  allow  loads  to  be  adjusted,  then  the  load 
step  size  Is  scaled  back  to  the  value  that  will  make  the  residual  norm 
equal  to  RNRNLH.  The  usual  MNR  solution  then  proceeds  under  the  control 
specified  in  this  SOLU  record. 
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7.1.15  Blip  *  Solution  stop^slso  data  (static  solutions). 
Varlabla 

Word  Nana 

1  OPTION 

2  JSTBPR 


3  NSTUP 


4  HBDINC 

5  HEDEND 
NOTES; 

1.  JSTEPR  Indlcatas  tha  nuabar  of  load/Bovemant  steps  requested. 
During  this  phaae  of  the  SAG,  the  load  and  novesient  Msgnitndea  are 
varied.  When  HEDINC  Is  not  sero»  a  sequence  of  static  configurations 
will  be  generated  following  the  ccmvergence  or  cosq[>letion  of  the 
■agnitude  Increnentlng.  This  additional  loading  sequence  moves  the 
surface  wind  and  current  heedin—  through  the  excursion  defined  by 
HEDEND  and  the  heading  variation  codes. 

2.  See  Note  9  of  the  NODE  record  for  global  heading  conventions. 

3.  See  the  SURF  record  and  WIND  record  for  Initial  headings  and 
variation  codes. 


Description 

’’STEP" 

Nunber  of  steps  for  load  increnentlng 
(default  «  1) 

Start  up  option 

N>1  -  divide  first  step  Into  N  substeps 
In  an  arithmetic  progression 

Surface  load  heading  increment  (degrees) 

Surface  load  total  heading  change  (degrees) 
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7.1.16 

SUBiCS  -  Surface  current  data. 

Variable 

Word 

H-4 

Descrintlon 

1 

OPTION 

"SURF” 

2 

CURNT 

Surface  current  velocity  (LT  ^) 

3 

CAD 

Initial  current  heading  (degrees) 

4 

KODEC  (1) 

Variation  code  for  fixed  heading  (load 
varies) 

5 

XODEC  (2) 

Variation  code  for  variable  heading  (load 
constant) 

NOUS; 

1.  8««  Not*  9  on  tho  NODE  rocord  for  global  heading  convention. 

2.  See  STEP  record. 


3.  Variation  ccdea: 

0  -  hold  conatant  at  value  given 
•1  -  increoMnt  dovn  (not  for  heading  variation) 

1  ~  Increnont 

4.  Shlpa  will  obtain  loading  coefficients  froa  a  data  file  nr  built-in 
fuactlona  (see  SHIP  record  and  i^ppendlxea  A,  F>  and  0).  Buoys  will  use 
the  BHND  ai^  BSGD  pareneters  (aee  BODY  record).  If  the  buoy  is  pulled 
away  from  the  llwit,  Ite  loads  will  be  calculated  frosi  the  CURE  record 
defined  flow  field  and  the  body  drag  functions  (built-in  or  user 
defined).  See  Word  (2)  on  B(H)T  record. 
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7,1.17 

TIM  *  Tiae  step  data. 

Variable 

NasM 

Description 

1 

OPTION 

”TIHE'* 

2 

DT 

Tiam  step 

3 

TMAX 

Final  tiam 

4 

T 

Initial  tiam  (defaults  to  0) 

5 

DTTJ 

Update  tiam  (defaults  to  DT);  always  let 
default  for  DIM  solutions 

6 

ALPNEW 

e  integration  paraaieter  (default  »  1.0  for 
VRR,  0  for  HNR  and  DIM) 

7 

BETNEW 

B  integration  paraamter  (default  ■  1/12) 

6 

NOTES: 

6AHNEV 

V  integration  paraamter  (default  «  1/2) 

1.  If 

DT  <  0.0, 

the  tiam  step  will  be  internally  estiamted.  If  DT  »  • 

th«n  thtt  •8tiiMit«d  valua  will  b«  ■ultlpllMl  by  A.  If  DTU  ■  *B,  then  DTU 
is  set  to  B  tisMs  the  UT  estiwste. 

2.  The  Integrstlon  parssMters  are  those  of  the  generalised  Newwark 
difference  equations. 

3.  A  nonsero  initial  tiam  can  be  used  for  TSSS  or  DYN  SAO  to  adjust  to 
tlam  in  the  TTUN  records. 
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7.1.M  VIMD  -  8ttrf«c«  wind  d*t«. 


Word  No— 

H  OPTION 

2  WIND 

3  WAD 

4  KODBW  (1) 


Doocrlotion 

•Mind” 

wind  voloclty  (LT‘^) 

Inltiol  wind  hooding  (dogroos) 

Voriotion  codo  for  fixed  hooding  (load 
varies) 


5  KODEW  (2)  Variation  codo  for  variable  heading  (load 

conatant) 


NOUS; 

1.  See  Note  9  of  the  NODE  record  for  global  heading  convention. 

2,  See  STEP  record. 

9.  Variation  codes: 

0  •  hold  conatant  at  value  given 
•1  •  incre— nt  down  (not  for  heading  variation) 

1  ~  incre— nt  up 


9 


7.2  HOOK  -  Hod*  shop*  culculotion 


Th*  c«lcttl«tion  of  natural  fraquanelaa  and  «oda  ahapaa  haa  only 
four  optional  data  racorda:  H80L,  FIX»  FREE  and  MOVE.  Th*  FIX,  FREE, 
^  MOVE  racorda  ira  tha  aaM  aa  for  DEAD,  LIVE,  TSSS,  FREQ,  and  DYN. 
^*7  l^)oa  ition  or  ralaaaa  of  conatralnta  prior  to  BK>da  calcula* 

tlona.  N80L  aalacta  aolutlon  optlona.  An  MSOL  racord  la  not  naadad  If 
tha  dafaulta  ara  aecaptabla. 


nOL  -  8p«otfiM  tolutlon  fonat  pavaMtars. 


Vatlabla 
Msid  Naaa 

1  OPTION 

2  NODBIl 


3  NQDBI2 


4  IBG 


Paacription 

"H80L" 

Hoda  ahapa  ordar  flat 

0  *  liat  aoda  ahapaa  in  ordar  of 
ineraaalnt  fraquancy 
1  liat  la  oxdar  calculatad 

Hoda  ahapa  <ratput  flat 

0  -  print  all  aoda  ahtqpaa 
N  -  print  N  aoda  ahapaa 
‘N  -  print  N  aoda  ahapaa  and  writa  thaa  on 
logical  unit  20 


Optional  output  flag 


0  *  no  axtra  output 
>0  print  aolution  dataila 

WARNING:  vary  voluainoua  output  racoaaandad 
tmly  for  dahug  purpoaaa  on  aaall  aodala. 
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7.2.2  Fn  **  AppllM  fix*d  condltioaa  to  nodas. 

(This  racord  la  Idantlcal  to  FIX  in  Saction  7.1.) 

Varlabla 

K&Ed  MfWf 

1  CPTION 

2  IGODE 

3 


4 

(ate.) 

ims: 

1.  FIX  cauaaa  tha  aalactad  conatralnt  coda  to  ba  placad  in  tba  conntralnt 
coda  array  (NODFIX)  for  tha  indlcatad  noda  coaiiponant.  Tha  noda  coiaponant 
will  raaMln  flxad  until  ralaaaad  by  a  FREE  racord  or  a  LIMIT  condition. 

2.  Allowable  conatraint  codaa: 

1  -  Coaponant  flxad  unlaaa  lisle  condition  ovarrldaa. 

2  -  Coaponant  flxad  and  raaarved  for  payout.  It  will  bacoaa  fraa 

whan  actlvatad  by  a  pa3fout  aitoala*  (aaa  PAYO  racord). 

It  cannot  ba  ralaaaad  by  a  Halt  condition. 

3  -  Coaponant  flxad  and  cannot  ba  ralaaaad  by  a  Halt  condition. 

3.  Tha  MOVE  racord  will  ovarrlda  any  conatralnt  '.ode. 

4.  CAUTI(X(:  Do  not  FIX  any  coaponanta  of  a  alave  nodv't. 


Daacrintion 

"FIX" 

Conatraint  coda  (default  *  1,  aaa  Note  2) 

List  of  noda  coaponant  codaa 

CODE  «  (NODE^IO)  +  I 

where  I  *  1,  2,  or  3 

for  Xi  Y  or  Z  direction,  raapactlvaly 

Maxlaua  Hat  length  la  98  (uaa  additional 
FIX  records  to  gat  more) 


*Nitoaia  rafara  to  the  dividing  of  an  a lament  into  two  new  separata 
alaaants;  tha  original  elaaant  length  is  replaced  by  two  elements 
(sea  Reference  1  and  tha  PAYO  data  seta  for  further  details). 
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7.2.3  nSB  >  Removas  conditions  for  nodes. 

(This  record  Is  Identical  to  FREE  In  Section  7.1.) 


Variable 

Word  Name  Description 

1  OPTION  "FREE" 

2  .  List  of  node  component  codes 

CODE  =  (N0DE*10)  +  I 
where  1=1,  2  or  3 

for  X,  Y,  or  Z  direction,  respectively 

3  .  Maximum  list  length  Is  99  (use  additional 


FREE  records  to  get  more) . 

NOTES; 

1.  FREE  causes  a  0  to  be  placed  In  the  constraint  code  array  (NODFIX) 
for  the  Indicated  component.  The  component  will  remain  free  until  reset 
by  a  FIX  record  or  a  LIMIT  condition. 

2.  CAUTION:  Do  not  FREE  any  components  of  a  slave  node. 
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7.2.4  MOVE  -  Specifies  node  point  motion. 

(This  record  is  identical  to  MOVE  in  Section  7.1.) 


Word 

Variable 

Name 

DescriotloA 

1 

OPTION 

"MOVE" 

.2 

INOD 

Node  number  to  be  moved 

3 

MC  (1) 

X 

motion 

code 

4 

MVC  (1) 

X 

motion 

variation 

code 

5 

AMP  (1) 

X 

fflotlcn 

amplitude 

6 

MC  (2) 

Y 

motion 

code 

7 

MVC  (2) 

Y 

motion 

variation 

code 

8 

AMP  (2) 

Y 

motion 

amplitude 

9 

MC  (3) 

Z 

motion 

code 

10 

MVC  (3) 

Z 

motion 

variation 

code 

11 

AMP  (3) 

Z 

motion 

amplitude 

NOIES: 

1.  Motion  codes: 

0  -  no  motion  specified  (see  Note  4) 

1  -  displacement 

2  -  velocity  (DYN  and  TSSS  only) 

3  -  acceleration  (DYN  and  TSSS  only) 

2.  Motion  variation  codes: 

For  DEAD.  LIVE.  MODE,  and  FREQ 

1  -  Increment  motion  factor  from  0  to  1.0  (apply  displacement) 
0  -  hold  the  motion  factor  at  1.0  (hold  displaced  position) 

The  motion  factor  Is  the  multiplier  of  the  motion  amplitude  for  the 
increment  level  (load  factor)  at  the  current  step. 

For  DYN  and  TSSS 

0  -  hold  the  ^tion  factor  at  1.0 
I>0  -  use  the  I  time  variation  function  from  the  TFUN  record 
set  to  get  the  motion  factor 
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3.  The  motion  amplitude  will  be  an  an£:ular  displacement,  velocity,  or 
acceleration  on  nodes  used  to  define  angular  motion  of  rigid  bodies. 

4.  DYN  cmd  TSSS  require  all  three  motion  components  at  a  node  to  be 
defined.  Individual  components  can  be  defined  xti  DEAD,  LIVE,  MODE,  anC. 
FEEQ.  A  zero  motion  variation  code  In  DYN  and  TSSS  means  a  fixed 
component  that  remains  at  Its  initial  position. 

5.  The  maximum  nwuber  of  components  (X,  Y,  Z)  of  imposed  displacements 
In  DEAD,  LIVE,  and  MODE  Is  30.  ‘The  maximum  number  of  moved  nodes  In  DYN 
and  TSSS  Is  5. 

6.  The  constraint  code  array  (NODFIX)  entry  Is  superseded  by  a  MOVE 
Instruction.  The  constraint  code  is  restored  at  the  completion  of  the 
SAO. 
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7.3  HCKQ  -  Response  spectrum  calculation. 

The  frequency  domain  subanalysis  data  set  Is  composed  of  two  level?; 
of  data  sets  following  the  FREQ  flag  record.  The  first  level  specifies 
the  freituency  domain  solution.  The  second  level  gives  the  data  to  be 
processed  for  each  wave  heading  considered. 

The  data  sets  for  the  FREQ  solution  are: 

FSOL  -  selects  frequency  domain  options 

SPECTRUM  -  specifies  wave  spectral  characteristics  ^ required) 

EXTERNAL  -  ship  motion  file  conversion  factors 

RESULTS  -  optional  output  requests 

Each  of  these  Is  optional  except  for  SPEC,  and  can  be  given  In  any 
sequence  In  advance  of  the  first  HEAD  record. 

The  data  sets  for  the  wave  headings  are: 

HEADING  ■*  specifies  wave  heading 
RANDOM  -  specifies  output  data  for  reuidom  waves 
REGULAR  -  specifies  output  data  for  regular  waves 
DONE  -  optional  terminator  flag 

These  data  sets  are  grouped  by  HEAD  flag  records.  The  HEAD  record 
sets  contain  one  or  more  RAiH)  or  REGU  record  sets. 


7.3.1  FflCIL  -  Specifies  frequency  domain  options. 


Variable 
Word  Name 

1  OPTION 

2  ICMCHF 

3  ICONNS 

4  IROLIT 

5  ALPHA 

6  BETA 

NOTES! 


Description 

"FSOL" 

Component  check  file  flag 

0  -  save  response  file  04  for  use  by 
CHEK  record  (see  Note  1) 

Mass  matrix  format 

0  *■  lumped  mass 
1  -  consistent  mass 

Roll  damping  iteration  flag 

0  -  do  not  Iterate 
N  -  Iterate  no  more  than  N  times  to 
estimate  ship's  roll  damping 

Proportional  damping  multiplier  of  mass 
matrix 

Proportional  damping  multiplier  of  stiffness 
matrix 


1.  D]7namic  data  for  the  CHEK  record  must  be  passed  on  file  04  or  the 
CHEK  results  will  include  only  the  static  reference  state. 


2.  Roll  iterations  at  each  frequency  seek  to  converge  on  a  roll  angle 
estimate  by  adjusting  the  roll  damping.  Convergence  is  assumed  if  a 
change  of  less  than  1  degree  is  found  on  two  successive  cycles  or  when 
the  number  of  cycles  equal  IROLIT. 

3.  Internal  damping  proportional  to  the  mass  and/or  stiffness  matrix  is 
used  when  ALPHA  and/or  BETA  are  non-zero.  The  form  is: 

tC]  =  a  [Ml  +  E  [K] 
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7.3.2 

spBcnm  - 

Specifics  wave  spectral  characteristics. 

Voi;d 

Variable 

Name 

Descrlntlon 

1 

OPTION 

"SPEC” 

2 

SPECA 

A  coefficient  (L^  t"^) 

3 

SPECS 

B  coefficient  (T  ^) 

4 

D0H6 

Aw,  frequency  Increment  (T  ^) 

5 

0N6MN 

**min*  bound  on  frequency  (T  *) 

6 

OlfGMX 

•»  -  »  ^PP®r.  boxmd  on  frequency  (T  ^) 

flliaX 

7 

AMPHN 

Cut-off  amplitude  for  waves  (L) 
(default  =  0.0001,  see  Note  2) 

NOITS: 

1.  The  wave  apectrun  is  assumed  to  have  the  form: 

S(«)  =  A/«^ 

where  S(w)  Is  based  on  twice  the  square  of  the  wave  height.  Any 
spectrum  having  this  general  form  con  be  input.  Values  for  common 
spectra  are: 


SPECTRUM 

A 

B 

Plerson-Hoskowltz 

135.0 

4  4 

9.7  X  10  /Vj^ 

Bretschnelder 

4200  H  ^/T  ^ 
s  '  s 

1050/Tg^ 

I.S.S.C 

2760  H  ^/T  ^ 
s  s 

690/T  ^ 

S 

where  V|^  »  wind  speed  (knots) 

H  »  significant  wave  height  (ft) 
s 

T  =  significant  wave  period  (sec) 

8 

w  =  circular  frequency  (radlans/sec) 

2 

S(w)  =  spectral  ordinate  (ft  sec) 


2.  R«gulAr  «rav«  rMpoosM  tx%  calculated  for  waves  with  :  requencles 
between  **  4^  «id  which  have  wave  aaplitudes  (based  on  the  spec- 

trua)  grelcer  than*anPHN.  Increaentlng  will  not  proceed  beyond  w 
regardless  of  the  wave  aagtlitude. 
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7.3.3  EXimiAL  *'  Sp«clfi«8  •xternal  ship  aotion  fils  conversion  factors. 


Variable 


){srd 

Nane 

Descriotion 

1 

OPTION 

"Em" 

2 

FRCFAC 

Force  conversion  factor 

3 

FAGLEN 

Lensth  conversion  factor 

4 

TIHFAC 

Tine  conversion  factor 

5 

NFILEF 

File  fomat  code  (default  =  0) 

0  -  NCEL  ship  BMtion  file 
1  >  NSRDC  ship  notion  file 


NOTES; 

1.  The  conversion  factors  are  used  as  nultipliers  of  the  data  on  the 
external  coefficient  file  (ship  notion  file).  Each  of  then  has  a 
default  value  of  1.0. 

2.  The  file  fomats  are  described  in  Appendix  B. 
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7.S.4 

mom  •  Specifies  optional  output  requests. 

Variable 

Ksid 

Naae 

Description 

1 

OPTION 

"RESU" 

2 

IUNRB8 

Unrestrained  buoy  and  ship  notion 

0  *  no 

1  -  yes 

outputs 

3 

lOPFRQ 

Optional  output  teaplate  nunber. 
reference  to  TABL  set  numbers.) 

(Cross 

4 

OUTFRQd) 

Value  of  frequency  where  optional 
begln.^  (default  •  l”  one)  (T*^) 

output 

5 

0UTTOQ(2) 

Value  of  frequency  where  optional 
ends  (default  >  last  one)  (T  ^) 

output 

6 

0UTFRQ(3) 

Frequency  increnent  between  pr^touts 
(default  ■  print  every  one)  (T~^) 

H0TB8; 

1.  Thtt  lOFFRQ  fl«g  prodncAs  AXtra  output  for  the  frequency  response 
solution  only.  The  lOPOUT  flag  (OUTPUT  record)  will  produce  extra 
output  only  for  the  inplled  LIVE  solution  used  for  drift  force  updotes. 
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7.3.S  IBADINB  -  Vav«  haadlns  racord. 


Variabla 

W9rt  Haiw  UicrlPtlon 

1  OPTION  "ittAD” 

2  OHEO  Nava  haadln^  In  global  8:rstaai  (dagraaa) 

NOnS; 


1.  HEAD  data  aats  conalst  of  tha  racord  followad  by  a  aarlas  of  racorda 
of  RAND  and/or  REGU  raaponsa  ta<iuaat8.  Each  HEAD  data  sat  ca^i  ba 
tanlnatad  by  a  DONE  racord,  another  HEAD  racord,  or  a  valid  SAO  flag. 


no 


7.3.i  ■MDOn  *■  Randon  reapons*  data  raquaata. 

Varlabla 

KpjEd  ■ .  San^  Ss^siiv^isn 

1  OPTION  ”RAND” 

Ttila  flat  racord  ia  followad  by  a  atrlns  of  racorda  having  tha 
following  fora: 

Variabla 

Ussi  ■■  MttdL., 

1  VTYPE 

2  MUHC 

3  NDRT 


4  8F8TAT 

5  8F3 

6  SFIO 

7  STIOO 
NOTES; 

1.  Tha  spactral  raaponaa  of  tha  ship*  alenant  tenaions,  and  any  of  the 
nodal  displacaaMnt  coaponanta  can  be  calculated.  VTYPE  aignala  the  one 
that  la  daairad.  Any  nuaber  of  thaae  carda  can  be  provided.  The  input 
la  taralnatad  by  a  card  with  VTYPE  «  "DONE**.  Termination  can  alao  be 
accoapliahad  with  a  RBGU,  HEAD,  or  any  valid  SAO  flag.  The  reaponae 
data  calculated  raprasant  the  average  of  the  1/3,  1/10,  1/100  higheat 
raaponaaa. 

2.  VTYPE  *  "ship”  raquiraa  no  other  entriea  on  the  card. 

3.  VTYPE  ■  "tens"  requlrea  the  apeclficatlon  of  the  element  number  in 
NUNC. 

4.  VTYPE  •  "node"  requlrea  tha  apeclficatlon  of  the  node  number  in  NUNC 
and  tha  component  direction  in  NDRT. 


Ill 


Daacrintion 

"NODE",  "SHIP",  "TENS",  "DONE" 

(taa  Notaa) 

Node  or  element  number 

If  VTYPE  -  "NODE"  givaa  tha  global 
coaqponant  direction 

1  -  X 

2  ■  Y 

3  «  2 

Static  load  factor  ("TENS"  only) 
(1/3)  load  factor  ("TENS"  only) 
(1/10)  load  factor  ("TENS"  only) 
(1/100)  load  factor  ("TENS"  only) 


5.  A  TW3  record  wist  bs  Includsd  for  ssuh  slwMnt  that  will  bs  involvsd 
in  s  subss(|usnt  cowponsAt  sdsquscy  chock.  For  sksapls,  if  s  chock  of  an 
anchor  eaj;taelty  la  to  bo  Mdo  includiiif  dynaaic  offsets,  ovary  oloaMnt 
that  connocts  to  tho  anchor  (or  fixod  nods  whoro  tho  anchor  la)  Kuat  bo 
callod  out  on  a  TENS  rocord. 

6.  8F8TAT  thzou^  SFIOO  aro  Input  only  if  a  aubaoquont  coaiponont  adoquacy 
chock  is  to  bo  nado.  Thoao  variabloa  aro  tho  load  factors  that  will  bo 
uaod  whon  conparlnf  lino  tonsions  to  lino  stronsths.  SFSTAT  is  tho  static 
load  factcr.  8F3,  8F10,  and  8F100  aro  dynanic  load  factors. 
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7.3.7 

MBUflf  -  Regular  response  data  requests. 

Variable 

PfivElPtiva 

1 

OPTION 

"REOU” 

This  flag  record  la 
following  fora: 

followed  by  a  atring  of  records  having  the 

Word 

Variable 

NaaM 

Descr lotion 

1 

NODE 

Node  for  which  response  iii  requested. 

2 

LOCAL 

0  -  produces  output  in  global  system 

1  *  produces  output  in  ship's  local 

syateai 

3 

VRFQ 

Circular  frequency  of  response  (T 

4 

VAMP 

Wave  amplitude  for  response  (L) 

(default  *  l.O) 

5 

lOGODE 

0  •  output  is  displacements 

1  •  output  is  position 

6 

NUM 

Number  of  divisions  per  cycle 
(default  *  30) 

HOroS; 

1.  These  records  will  generate  the  displacement  or  position  versus  time 

for  ftll  throo  nodal  cooponanta  through  ona  cycle  of  notion. 

2.  The  local  coordinate  syataa  will  not  ba  used  If  position  output  is 
requested. 

3.  There  is  no  Unit  to  the  nunber  of  requests  that  can  be  made. 

4.  A  DONE,  RAND,  HEAD  or  any  valid  SAO  flag  record  will  terminate  this 
option. 
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7.S.ft  OQNK  -  Optional  toralnator  flag. 


Variabla 

Dona  Nina  Dascrlotlon 

1  OPTION  "DONE” 

NOTES: 

1.  Can  ba  uaad  to  tarnlnata  RE6U  and  RAND  racord  strings  and  HEAD  data 
sats.  Optional  tamlnatlons  ara  takan  fron  tha  flag  racords  If  a  DONE 
racord  la  not  glvan.  Accaptabla  tamlnators  are  RAND,  REGU,  HEAD,  or 
any  of  tha  SAO  racord  flags. 


7.4  CHEK  -  Checks  component  data. 

The  CHEK  SAC  set  consists  of  the  CHEK  flag  record,  an  optional  CONF 
record,  and  a  string  of  component  types.  The  CONF  record  Is  used  to 
select  the  wave  heading  when  the  preceding  SAO  type  Is  FREQ  with  multiple 
wave  headings. 
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7.4.1  OCMF  ■*  W&ve  heading  configuration. 

Use  only  if  previous  SAO  is  FREQ  with  more  than  one  wave  heading. 


Word 

Variable 

Name 

Descrlotlon 

1 

Type 

"CONF" 

2 

■ 

Wave  heading  set  number  from  previous 
FREQ,  (default  =  1) 

NOTES: 

1.  These  data  are  required  to  get  solution  data  for  wave  headings  other 
than  the  first  one  given  In  the  foregoing  FREQ  solution. 
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7.4.2  ANCH,  BUOT,  LIHE  -  Component  requests. 

Variable 

Word  Name  Description 

1  CTYPE  "ANCH",  "BUOY'',  "LINE",  "DONE" 

2  NELD  Node  or  element  number 

3  ICODE  Component  code 

4  JCODE  Bottom  factor  code 

5  CAPY  Component  capacity 

(default  =  use  Inventory  with  SAFAC) 

6  CHPID  Component  Identifier  for  Inventory 

Anchor  weight 
Chain  size 
Line  diameter 
Buoy  O.D. 

(Input  In  inventory  units) 

7  SAFAC  Safety  factor  (default  *  1.0) 

NOTES; 

1.  CTYPE  identifies  the  type  of  component  to  be  checked.  Only  anchors, 
buoys,  or  lines  are  allowed.  Any  niimber  of  cards  can  be  given.  Input 
Is  terminated  by  CTYPE  =  "DONE". 

2.  Negative  ICODE  with  CTYPE  =  ANCH  roe5ms  the  vertical  load  will  be 
used  In  the  capacity  check. 

3.  The  CHEK  SAO  can  be  Initiated  following  any  other  subanalysis.  If 
the  previous  one  was  not  FREQ,  the  present  state  is  evaluated.  If  It 
was  FREQ  and  the  dynamic  response  file  was  generated,  the  dynamic 
tensions  will  be  included  In  the  check  for  those  elements  of  the  file. 
(See  Note  2  of  FSOL  record) 

4.  If  CTYPE  is  "ANCH"  or  "BUOY",  then  NELD  Is  the  node  where  the  anchor 
or  buoy  Is  located.  Anchor  checks  can  be  made  for  fixed  nodes  as  well 
as  for  active  nodes  where  limits  have  been  defined. 

5.  No  more  than  ten  llneiz  can  be^  attached  to  any  anchor  or  buoy  at  an 
active  node  with  limits  (see  Note'  3  LLOC  record).  Anchor  checks  at 
fixed  nodes  allow  up  to  twenty  lines  to  be  attached  to  the  fixed  node, 
which  has  no  limit  conditions  specified. 


6.  Component  codes: 

ANCHORS 

1.  Navy  standard  stockless  with  stabilizers 

2.  NAVSHIPS  lightweight 

3.  NAVFAC  STATO 

4.  Imbedment  (no  inventory) 

5.  Stock  (Admiralty)  (no  Inventory) 

6.  Mushroom  (no  Inventory) 

Buoys 

1.  Bar  riser  chain 

2.  Spherical  or  other  (no  Inventory) 

LINES 

C .  Chain 

1.  Samson  2-ln>l]  braided  nylon 

2.  Samson  2-ln-l^  power  braid 

3.  Samson  2-ln-l'  stable  braid 

4.  Samson  Blue  Streak 

5.  Other  (no  Inventory) 

7.  Bottom  factor  codes  for  anchors: 

1.  Compacted  sand 

2.  Stiff  dense  clay 

3.  Sticky  clay  of  medium  density  (cohesive) 

4.  Soft  mud  (fluid),  loose  coarse  sand,  gravel 

5.  Hard  bottom  (rock,  shale,  boulders) 


8.  Contents  of  the  Inventory  are  presented  In  Appendix  H. 


7.5  BMD,  NEW  -  Problem  termination. 

The  END  flag  record  signals  the  -completion  of  the  SAO  sequence  with 
no  more  data  to  be  read.  The  run  is  terminated. 

The  NEW  flag  record  signals  the  completion  of  the  SAO  sequence. 

The  next  data  record  Is  a  title  card  to  begin  a  new  problem.  This  title 
card  must  use  the  character  string  dellmitors,  and  only  one  title  record 
is  allowed. 


8.0  EX8IIP£E  mBIKHS 


This  section  contains  Input  for  four  example  problems  and  the 
description  of  some  optional  approaches  to  solving  them.  A  successful 
execution  occurs  when  the  last  line  of  output  has  "NORMAL  TERMINATION". 
Although  not  exhaustive,  these  problems  demonstrate  many  of  the  features 
of  SEADYN.  The  models  have  purposely  been  kept  small  and  geometrically 
simple  to  make  them  convenient  to  handle.  The  user  should  bo  aware  that 
SEADYN  Is  capable  of  modeling  much  more  complicated  geometries. 

8.1  Toirmd  Boity  Example 

A  spherical  body  towed  at  the  end  of  a  280-foot  line  will  be  used 
to  demonstrate  various  methods  for  starting  the  problem,  the  effects  of 
grid  coarseness,  and  changing  a  quasl-statlc  solution  to  a  dynamic 
solution.  The  pertinent  problem  data  are: 


Tow  Cable  Data 


Unstretched  length .  280  ft  =  3,360  In. 

Drag  diameter . 0.35  In. 

Cable  weight  (In  seawater)  .  0.169  Ib/ft  =  0.014 

lb/ in. 

EA . 1.92  X  10^  lb 

Normal  drag  coefficient,  C„  ....  1.5  +  4.0  (R  ) 

Tangential  Drag  Coefficient,  C.^,  .  .  0.02  C^ 

Body  Data 

Weight  (In  seawater)  .  580.9  lb 

Effective  diameter . 1.0  ft  =  12  In. 

The  first  part  of  the  problem  is  to  determine  the  position  of  the 
cable  and  body  when  towed  In  a  straight  line  at  a  constant  velocity  of 
10.5  knots.  A  convenient  model  for  this  Is  to  assume  the  tow  point  is 
fixed  and  the  system  Is  subjected  to  a  uniform  current  equal  to  the  tow 
speed.  This  allows  the  static  solution  form  to  be  used. 

Although  the  general  shape  of  the  system  at  the  tow  speed  can  be 
guessed,  the  exact  positions  of  the  nodes  and  the  tensions  in  the 
various  portions  of  the  cable  are  not  easy  to  compute.  Three  approaches 
to  calculating  the  steady-state  towing  shape  are  outlined. 


APPROACH  1:  Begin  by  assuming  the  line  is  hanging  straight 
down.  Apply  the  gravity  load  with  no  current  to  get  the  suspended 
tension  distribution.  Incrementally  apply  the  current  to  deploy  the 
cable  in  an  approximate  solution  (RFB  method).  Iterate  on  the  deployed 
state  to  satisfy  equilibrium  (MNR  method).  The  input  for  accomplishing 
this  is  shown  in  Table  8-1.  The  tow  cable  drag  coefficients  are  given 
by  the  USRDRO  subroutine  shown  in  Table  8-4.  It  should  be  noted  that 
the  first  step  requires  artificial  tensions  to  get  started.  Numerical 
damping  and  the  HNR  solution  work  well  here.  The  VRR  method  could  also 
be  used. 


Table  8-1.  TOHED  BGDT  APPROACH  I  INPUT 


TOWED  BODY  DEKONSTRATION  PROBLEM 

APPROACH  1  —  START  FROM  VERTICAL; 
PROB 

11,10,  2,1,386 
FUJI 

0,0,. 00252,.  037 
BODY 

1..  580. 9. 12 
DRAG;  1,-I 
MATE 

1.1..  35.. 014112. 1,V8,0,1.92£5,1 
NODE 

1.. . 3360 

11. 1, W6, 1,1,1 
ELEM 

1.1.2.. 1,W8,1 
10  10  11,,  1 
BLOC;  1,1 
FLOW 

1.1,  212.8 

DEAD 

SOLU,HNR,.001 

LIVE 

CTJKR,1,1,,1 
SOLU,RF3 
STEP, 10 

LIVE 

GURR,1 

END 


♦BODY  NODE 

♦TOWED  NODE  IMPLIED  GENERATION 
♦ASSUME  UNSTRSTCHED  LENGTHS 
♦LOCATE  BODY  AT  NODE  1 

♦DEPLOY  LINE  STRAIGHT  DOWN  WITH  MNR  +  DAMPING 
♦HOVE  TO  APPROX  TOWED  SHAPE  WITH  10  STEP  RFB 

♦ITERATE  TO  CORRECT  STATE  WITH  VRR 
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APPROACH  2:  Begin  by  assunlng  the  line  le  deployed  horizontally 
in  an  unatretched  atate.  Apply  the  gravity  and  current  almultaneoualy  In 
Increaenta  to  get  an  approxlaiate  solution  (RFB  method).  Dummy  tensions 
are  asausMd.  Iterate  on  the  deployed  state  to  satisfy  equilibrium  (HNR 
method).  The  input  is  shown  in  Table  8-2.  The  tow  cable  drag  coefficients 
are  given  by  the  USRDRG  subroutine  shewn  in  Table  8-4. 


Table  8-2.  TOWD  BOOT  APPROACH  2 


TOWED  BODY  DEMONSTRATION  PROBLEM 


APPROACH  2  START  FROM  HORIZONTAL; 


PROB 

FLUI 

BODY 

BLOC 

DRAG 

NATE 


11»10,2, 1,386 
0,0,. 00252,. 037 
1,0,580.9,12 
1.1 
l.-l 


1,1,. 35,. 014112, 1,W8,0,1.92E5,1 


NODE 

1.. 3360 
11,V6, 1,1,1 
NGEN;9,1,11 
ELBM 

1.1.2.. 1,W8,1 

10.10.11., ! 

TENS; 1,10,1,, 500 
FL0W;1,1,  212.8 
LIVE 

CURR,1  ,1 
SOLU,RFB 
STEP, 100, 10 
LVAR,W5,1 

LIVE 

S0LU,MNR 

C0RR,1 

END 


^ASSUME  UNSTRETCHED  LENGTHS 

nPPLY  DUtlMY  TENSIONS 

^MOVE  TO  APPROX  STATE  WITH  RFB 


*SST  GRAVITY  LOAD  FLAG 
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APPROACH  3:  B«tin  by  guesBlnt  an  angle  that  approximataa  the 
deployed  atate.  Deploy  the  tmatretched  cable  at  that  angle.  Iterate  on 
thia  gaeaaed  atate  to  aatlafy  equlllbrlua.  Input  for  thla  approach  is 
given  in  Table  8-3.  The  tow  cable  drag  coefficienta  are  given  by  the 
U8ROR0  aubroutine  ahown  in  Table  8-4.  The  VRR  method  la  uaed  in  thla 
eaae  alnce  the  quality  of  the  initial  gueaa  ia  very  low  and  divergent 
NNR  Iteratlona  can  be  expected.  The  VRR  method  automatically  conqpenaates 
for  the  lack  of  initial  tenaion. 


Table  8-3.  TOHBO  BODY  APFSOACH  3 


TOWED  BODY  DEMONSTRATION  PROBLEM 

APPROACH  3  START  FROM  SLOPED  LINE; 

PR0B:11,10,  2,1,386 

FUJI:  0,0,.  00252,.  037 

BODY; 1,0,580. 9, 12 

BU)C:1,1 

DRAG;  1,-1 

MATE 

1.1..  35.. 014112. 1,H8,0,1.92E5,1 
NODE 

1..  3195. 55. 1038. 297 
11,H6, 1,1,1 
NGEN;9,1,11 

EUM 

1.1.2.. 1,V8,1  ^ASSUME  UNSTRETCHED  LENGTHS 

10.10.11., ! 

FUW:1,1,  212.8 

LIVE  ^ITERATE  ON  GUESS  TO  CONVERGENCE  WITH  VRR 

S0UJ,VRR 
CURR,1 
END 


Theae  three  approachea  are  not  the  only  poaalble  options.  In  each 
approach,  the  beginning  atate  waa  deacrlbed  by  the  positions  of  the 
nodea  in  an  unatretched  atate  (ISIGO  *  1).  Other  approaches  can  be 
deviaed  quite  eaaily. 

The  number  of  elementa  for  theae  teata  was  chosen  somewhat  arbi¬ 
trarily.  The  reaulta  of  changing  the  number  of  elements  are  summarized 
in  Figure  8-1.  The  figure  shows  quite  accurate  results  even  for  very 
crude  models.  These  models  have  assumed  uniform  spacing  of  the  nodes 
for  input  convenience.  The  equilibrium  state  suggests  It  would  be  more 
appropriate  to  put  shorter  elements  near  the  towed  body  where  the  curva¬ 
ture  is  the  greatest. 
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0.169  Ib/ft 


F%ure8-1.  Towed  body  test  case. 


Tabl«  8<4.  U8RDRG  SUMtOUTlNK 


SUBROUTINE  USRDRO  (IBOD, (DR.REN,RET,CN»CT,DRGDAT) 
DIMENSION  DR6DAT(20) 


C 

C  SPHERICAL  BUOY 

I»(IBOD.EQ.l)  CN-.47 
C  CYLINDRICAL  BUOY  OR  CABLE 

I>(IBOD.EQ.2.OR.IB0D.Eq.3)  THEN 
CN-13. 

CI^IO. 

IF(REN.LT.O.l)  RETURN 

CN-1.5  +  4./SQRT(REN) 

Cn^0.02*CN 

ENDIF 

RETURN 

END 


Th«  8teady-8tat«  towing  configuration  can  ba  used  as  the  starting 
point  for  a  dynamic  analysis  in  which  the  tow  velocity  and  direction  are 
changed.  Table  B-S  shows  the  additional  input  required  to  continue  from 
any  of  the  previous  converged  static  states  to  a  dynamic  solution  where 
the  tow  point  is  moved.  The  key  here  ia  the  change  in  flow-field  velocity 
to  aero  and  assigning  the  initial  towing  velocity  to  all  of  the  nodes. 

The  movement  function  given  defines  a  sudden  change  of  direction  of  the 
towing  at  the  same  velocity.  Arbitrary  movement  can  be  defined. 
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TahU  8-5.  TOHED  BGRT  DTNAMIC  INPOT 


Add  this  to  ths  PROB  dats  block: 

TFUN 

1,3, 1,1, 1,1, .866, 90, .866 
2, 3, 0,1, 0,1, .5, 90, .5 

Add  this  to  ths  SAO  data  block  Just  prior  to  END 
OYN 

INIT,212.8 

HOVE, 11, 2, 1,212. 8, V9, 2, 2, 212. 8 

TIME,, 30  *FIND  OWN  TIME  STEP 

0UTP,W3,1 


0ns  gsnsral  coomsnt  is  nssded  on  this  probleiii.  Cars  must  be  taken 
to  assure  all  data  are  provided  in  consistent  units.  Ths  choice  of 
units  la  arbitrary  since  SEADYN  does  not  presume  any  units  (except  for 
certain  Identified  defaults).  The  choice  made  here  is: 

Length  -  Inches 
Force  -  pounds 
Time  -  seconds 

Note  that  lengths,  diameters,  forces,  velocities,  fluid  properties,  and 
gravitational  acceleration  all  use  these  units.  In  all  of  the  approaches, 
the  tow  cable  drag  coefficients  are  given  by  the  user  defined  drag  function 
shown  in  Table  8-4.  The  SEADYI')  default  drag  was  on  tho  body. 
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8.2  Boof  Btlautien 


Conaldtr  «  buoy  rostrainud  by  a  aingla  line  that  is  anchored  to  the 
aeafloor.  Aaauae  that  the  buoy  la  anagged  and  hauled  over  to  a  certain 
poaltlon  and  held  there.  Then^  after  aone  time,  the  buoy  and  line  are 
raleaaad  to  anve  dynaalcally  to  the  original  gravity  loaded  atate.  A 
SSADTN  analyala  of  thla  acenarlo  la  preaented  In  three  atagea: 

STAGE  1  -  Eatabllah  the  gravity** loaded  Initial  atate. 

STAGE  2  -  Move  the  buoy  over  to  the  rea trained  (anagged) 
poaltlon. 

STAGE  3  -  Releaae  the  restraint  and  follow  the  dynamlca  back 
to  the  initial  atate. 

The  actual  execution  of  theae  atagea  la  dependent  on  how  the  anagged 
poaltlon  la  defined.  The  problem  statement  Implies  the  dynamics  of  the 
anaggiAg  operation  are  not  Important  and  only  the  calculation  of  the 
final  static  state  In  the  restrained  position  la  needed.  TVo  different 
definitions  of  the  snagged  state  are  pursued  here.  The  first  presumes 
the  snagged  position  of  the  buoy  la  known.  The  second  presumes  the 
aiagnltude  and  direction  of  the  snagging  load  is  specified. 

Recalling  the  previous  example  problem,  there  are  various  approaches 
that  can  be  used  to  get  the  Initial  static  state.  In  both  cases  a  gravity¬ 
load  vertical  state  Is  used  as  a  starting  point.  Loads  or  displacements 
are  then  applied,  and  Iterations  are  carried  to  convergence  at  the  final 
state.  The  dynamic  phaae  Is  Initiated  simply  by  releasing  the  displacement 
constraint  or  force.  Iiqput  for  these  examples  is  presented  In  Table  8-6. 
The  second  case  Is  assumed  as  a  restart  from  the  first  to  demonstrate  the 
RESTART  Section.  The  viscous  relaxation  method  was  chosen  for  both  of 
these  since  It  Is  most  likely  to  remain  stable  and  obtain  convergence. 

The  dynamic  solution  used  the  direct  Iteration  method  since  this  has 
proven  to  be  the  BK>st  reliable.  The  time  step  was  internally  calculated 
mince  no  external  loading  with  Its  own  time  characteristics  was  present. 
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T«bl«  S-6.  BOOT  BBUXATIQN  INPUT 


BUOY  RELAXATION  DEMONSTRATION  PROBLEM  INITIAL  POSITION  GIVEN; 

PROS; 11, 10,2,1 
FLUI;0,1 

B0DY;1,  ,.129,. 16667 
BLOC; 1,1 

MATE; 1,,. 0125,. 00055,W9, 2. 36,1  ' 

NODE 

1.. .5.551 

11, 1,0,. 104,W6, 1,1,1 
ELEM 

1.1.2.. 1  *ISI0O-0  WITH  NO  LOADS  SAME  AS  ISIG0«1 

10.10.11., ! 

DEAD  *GET  VERTICAL  STATIC  STATE 

SOLO, , . 01  *SET  NUMERICAL  DAMPING 

SAVE,1  *SAVE  DEAD  RESULTS 

LIVE  *MOVE  TO  SNAGGED  POSITION 

SOLU,VRR 

MOVE, 1,1, 1,4, 1,1, 2 

DYN  ^RELEASE  FOR  RELAXATION 

TIME,, 10 
0UTP,,1 

NEW 

BUOY  RELAXATION  DEMONSTRATION  PROBLEM  FORCES  SPECIFIED: 

REST;  NEW,  1  *OET  THE  LAST  DATA  SAVED  FROM  PREVIOUS  DEAD 

LIVE  *APPLY  SNAG  LOAD 

SOLU,VRR 

LOAD, 1, . 115, .0265, , 1  *LVAR  DEFAULTS 

DYN  ^RELEASE  FOR  RELAXATION 

TIME,, 10 
0UTP,,1 
END 
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8.3  Anchor  Last  Kzaqple 

An  anchor  last  deployment  scheme  for  tethered  buoys  is  readily 
modeled  in  SEADYN.  The  starting  state  before  the  release  of  the  anchor 
requires  some  careful  consideration,  however,  when  special  situations 
are  modeled.  Static  analysis  problems  can  occur  when  floating  lines 
with  low  initial  tensions  are  Involved.  This  presents  a  problem  because 
slight  changes  in  tension  distribution  can  cause  large  position  changes. 
In  such  situations  it  is  best  to  make  a  reasonable  guess  on  the  initial 
state  with  no  tensions  and  go  immediately  to  the  dynamic  analysis 
following  the  release  of  the  anchor. 

This  is  a  relatively  simple  problem  intended  to  demonstrate  the 
mechanics  of  getting  the  static  and  dynamic  solutions  accomplished.  The 
problem  presented  here  is  sufficiently  well -conditioned  to  allow  the 
initial  static  state  to  be  calculated.  The  problem  characteristics  are 
given  in  Figure  8-2.  The  input  data  are  given  in  Table  8-7.  The  input 
assumes  the  anchor  is  released  at  time  zero,  and  the  top  buoy  is  held 
for  10  seconds  before  it  is  released.  The  line  between  the  rwo  buoys  is 
assumed  to  be  neutrally  buoyant.  The  initial  state  holds  node  1  fixed 
and  applies  1,000  pounds  horizontal  force  to  node  10.  This  stretches 
the  neutrally  buoyant  line  out  straight  and  produces  a  catenary  configu¬ 
ration  in  the  heavy  line.  The  guessed  initial  input  uses  unstretched 
lengths  (ISI60  =  1)  and  the  catenary  line  generator.  The  initial 
distance  between  nodes  4  and  10  is  selected  to  give  the  desired  line 
length  for  the  catenary. 


Figure  8-2.  Anchor  last  model. 


Table  8-7.  ANC310R  lAST  DRPT/)THKNT  INPUT 


DOUBLE  BUOY  DEPLOYMENT  USING  ANCHOR  LAST  METHOD; 


PROB;iO,9,l,l 

FLUI;0,1 

LIMI 

1..1 

2,5000,1,,! 

BLOC 

1,1,W5,1 

2,4,W5,1 

3,10,W5,2 

NODE 

1,W6,3,3,3 

4. . .1200. .3 

10.. . 2400.. 3.. 1 
NGEN;5,4,10,W7,2, 
2,1,4 

ELEM 


*SURFACE 

^BOTTOM 

*BUOY  1  AT  NODE  1 
*BUOY  2  AT  NODE  4 
*ANCHOR  AT  NODE  10 

*HOLD  TOP  BUOY 
★VERTICAL  HOLD  ON  BUOY 
★HOLD  ANCHOR,  LEAVE  HORIZONTAL  FREE 
.5,1000  ★GENERATE  CATENARY  AND  NODES  2,3 


1. 1. 2..  1,W8, 1,1000 

4. 4.5..  2 

9.9.10. . 2 
MATE 

1.. .3,W9,1.E4,1 

2.. .2..5,W9,1.E4,1 
BODY 

1. , -2000,8,W8,20 

2. , -1000, 6, W8, 15 

3. . 5000.5 
DEAD 

SOI.U,VRR 

LOAD, 1,, 1000,, 10 

LVARY,1 

DYN 

FIX,1,41 
FREE, 101 
TIME, ,10. 

OUTP,,2 

DYN 


★BUOY  1  WITH  SURFACE  DRAG 
★BUOY  2  WITH  SURFACE  DRAG 
★ANCHOR 

★SINGU:  STEP  VRR  SOLUTION 


★DROP  ANCHOR 

★CHANGE  CODE  TO  ALLOW  BUOY  PULL-UNDER 


★RELEASE  BUOY  1 


FREE, 11,12 
TIME, ,1000 
OUTP,,100 

END 
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8.4  Payout  Fecm  a  Moving  Ship  Exaaqple 

Thu  deployment  of  a  cable  system  by  paying  out  line  from  a  moving 
ship  is  demonstrated  in  this  example.  The  problem  selected  is  the  final 
stages  of  deployment  of  a  trapezoidal  array  system  (Ref  15).  Figure  8-3 
shows  the  starting  configuration.  The  system  contains  two  clump  anchors 
and  two  suspension  buoys.  In  the  sequence  modeled,  the  first  clump  anchor 
is  in  place  and  the  final  anchor  is  being  lowered  by  a  line  paying  out 
from  a  cable  ship.  The  payout  rate  and  ship  velocity  are  chosen  so  as 
to  place  the  anchor  at  the  desired  point.  The  demonstration  problem  uses 
a  straight  line  ship  velocity  (away  from  the  cable  system)  of  1  ft/sec 
and  a  constant  payout  rate  of  2  ft/sec. 

The  element  model  used  is  the  simplest  possible:  only  one  element 
per  line.  The  payout  line  element  is  assumed  to  grow  to  a  maximum  length 
of  10,000  foot  and  then  be  divided  into  two  elements  (mitosis).  Up  to 
this  point  element  5  and  node  6  are  not  Involved  in  the  solution.  When 
mitosis  occurs,  node  5  is  placed  at  the  dividing  point,  node  6  takos  the 
position  of  the  moving  payout  point,  and  element  5  enters  the  system  as 
the  upper  half  of  the  payout  line  with  an  unstretched  length  equal  to  the 
mitosis  length.  Element  5  is  then  the  payout  element,  and  element  4 
maintains  a  constant  unstretched  length  equal  to  the  unstretched  length 
Just  before  mitosis  minus  the  mitosis  length.  When  the  anchor  (node  4) 
reaches  the  bottom,  it  is  held  fixed  in  three  components. 

Table  8-8  lists  the  input  for  a  DYN  analysis  using  the  DIM  method. 
Table  8-9  presents  input  for  a  TSSS  analysis  of  the  same  time  sequence. 

The  VRR  form  was  used,  but  the  MNR  method  could  also  have  been  selected. 


Body 


Force 

(lb) 


Diameter 

(ft) 


payout  point 


Figures-!.  Payout  model. 


Table  8-8.  PAYOUT  FROH  MOVING  SHIP  INFOT 


PAYOUT  FROM  A  MOVING  SHIP; 

PROB;6,5,-2,l 
FLUI; 14400,1 
BODY 

1.,  -3280, 8 

2.,  -2160, 8 

3.,  •<■5120, 5 
BLOC 

1,2 

2  3 

3i4,W5,l  *ST0P  ANCHOR  AT  BOTTOM 

LIMI;1,0,5,,1 

MATE;1,,.1667,W9,1.E6,1 

NODE 

1,W6,3,3,3  ^GLOBALLY  FIX  ANCHOR  NODE 

2..  7500. 13300 

3.,  10400, 14200 

4..  23000. 5700 

5 . ,  29739 , 14400 ,W6 ,2,2,2  *ORIGINAL  PAYOUT  NODE 

6..  29739. 14400,W6, 1,1,1  *NEW  PAYOUT  NODE 
ELEH 

1.1.2.. 1 

5  5  6  1 

PAYO; 1 I 5 , 4 , 5000 , 1 , 1 , 1 , 1  *DEFINE  PAYOUT  TOPOLOGY 
DEAD 

SOLUjVRR 

DYN 

MOVE,S,2, ,1,1,W9,1 
PAY00,1,,2 

SOLU,W12,l  *RESTRICT  TIME  STEP  GROWTH 

TIME,. 5, 4500 

OUTP,,100 

END 


Table  8-9.  TSSS  INPOT  FOR  PAYOUT  PR0B1£H 


SOLU,VRR 
TIME, 100,4000 
MOVE,5,2,,l,l,W9,l 
PAYO, 1,, 2 
OOTP,,100 


TSSS 


8.5  VESSEL  MDCUHB  EISIIPU 

This  Maapla  denonstrates  Input  -for  a  vessel  mooring  and  the  use  of 
catenary  elemer.ts.  TVo  input  examples  are  given:  Table  8-10  uses  all 
slqplex  elements  to  mod^l  the  mooring*  Table  8-11  uses  both  simplex  and 
catenary  elements. 

The  problem  has  a  four-point  mooring  where  each  leg  has  a  surface 
buoy  and  a  hawser.  The  vessel  is  described  by  two  master  nodes  (for  6 
degrees  of  freedom)  and  four  slave  nodes  (at  each  hawser  attachment 
point).  The  vessel  dimensions  are  described  in  the  SHIP  record.  If 
wind  or  surface  current  loads  are  to  be  applied  to  the  vessel,  the  ship 
load  data  file  must  be  Included  in  the  input  (see  Appendix  A  for  format). 
Both  example  inputs  have  a  ship  load  data  file. 

The  second  example  has  input  for  catenary  elements  for  bottom  inter¬ 
action,  such  as  laying  down  or  picking  up  cable.  Each  leg  has  a  catenary 
element  for  the  first  element  by  the  anchor.  The  rest  of  the  mooring  leg 
is  modeled  with  simplex  elements  to  allow  subsurface  current  loading  or 
non-planar  configurations.  Catenary  elements  are  constrained  to  lie  in 
a  plane. 
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Table  8-10.  SINPIEX  EUEMBNT  INFVT  FOR  VESSEL  MOORING  PROBLEM 


nUIS  IS  A  MOORING  SIMULATION  -  LIVE  SOLUTION.  THE  MOORING  LEGS  ARE 
*1.5  INCH  DIELOCK  CHAIN,  THE  HAWSERS  ARE  10  INCH  CIRCUM  POLYESTER. 

*THERE  ARE  15  ELEMENTS  PER  LEG  (10  IN  CHAIN  AND  5  IN  SYNTHETIC)  AND  1 
*ELEMENT  PER  HAWSER  WITH  A  +  6  KLB  MOORING  BUOY  AT  THE  JUNCTION  OF  THE 
*HAWSER  AND  MOORING  LEG. 

** 

*MOORING  LINE  CATENARY  CALCULATED  USING  A  HORIZONTAL  PRETENSION  OF 
*10,000  LBS,  9  SHOTS 

*0F  CHAIN,  1000 -FT  DEPTH  TO  FIND  SPAN  LENGTH  AND  ANCHOR  LOCATION. 

** 

** 

VESSEL  MOORING. . .SYNTHETIC  MOORING  LEGS... 10000  LB  PRETENSION. .. 9  SHOTS$ 
PROB 

70,64,-3,l,W7,l 

FLUID 

.1 

.2 

BODY  *  BUOYS  -  5  FT  DIA,  6K  BUOYANCY 

1., -6000,5W8,32 
BLOC 

1,61,64,1 

NODE  *  ANCHOR  POSITS  CALCULATED  WITH  lOK  HORIZ 

1.,  -2482, -3431, -1000, 3, 3, 3  *  TENS  USING  9  SHOTS/LEG  OF  1-1/2  IN 

2.,  -2482, 343 1,-1000, 3, 3, 3  *  CHAIN  FROM  ANCHOR  TO  BUOY  -  NOT  RECALC 

3..  2482. 3431, -1000, 3, 3, 3  *  FOR  2  IN  CHAIN 

4..  2482, -3431, -1000, 3, 3, 3 

21.,  -2250, -3100, -1000 

22.,  -2250, 3100, -1000 

23..  2250. 3100, -1000 

24..  2250, -3100, -1000 

41.,  -2017, -2767, -985 

42.,  -2017, 2767, -985 

43..  2017. 2767, -985 

44..  2017, -2767, -985 

61.,  -397, -453  *  BUOY  NODE  hawser  length  Is  500  ft 

62.,  -397, 453  *  BUOY  NODE  for  10k  pretension 

63..  397. 453  *  BUOY  NODE 

64..  397, -453  *  BUOY  NODE 

65  *  SHIP  NODE 

66 

67.,  -110, -43, 12, -65, -65, -65  *  SLAVE  NODES  TO  SHIP, 

68.,  -110, 43, 12, -65, -65, -65  *  HAWSER  ATTACHMENT  POINTS 

69..  110. 43. 12, -65, -65, -65 

70..  110, -43, 12, -65, -65, -65 
N6EN 

4. 1.21.4. . .0.19. 7. 10000.2 

4. 2. 22. 4. . .0.19. 7. 10000. 2 

4. 3. 23. 4. . .0.19. 7. 10000. 2 

4. 4. 24. 4.. . 0.19. 7. 10000. 2 

4. 21. 41. 4.. . 1.19. 7. 10000. 2 

4. 22.42.4. . .1.19. 7. 10000. 2 
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Tabl*  a-10.  (OGNT) 


4. 23. 43. 4.. . 1.19. 7. 10000.2 

4.24.44.4.. . 1.19. 7. 10000.2 

4.41. 61. 4.. . 1.19. 7. 10000 

4.42. 62. 4.. . 1.19. 7. 10000 

4.43.63. 4.. . 1.19. 7. 10000 

4.44.64.4. . .1.19.7. 10000 
E?JSN 

1.1.5. .  1 

10.37 .41. .  1. .4. 1 

11. 41.45..  1W9, 10800 

15. 57. 61..  2. .4.1.10800 

16.61.67. . 2 

17. 2.6..  1 

26. 38.42., !,, 4,1 

27. 42.46..  1W9, 10800 

31.58.62. . 2. .4. 1.10800 

32. 62.68..  2 

33.3.7., ! 

42.39.43..  1.. 4.1 

43. 43. 47..  1W9, 10800 

47.59.63. . 2. .4.1.10800 

48.63.69..  2 

49.4.8., ! 

58.40.44., !,, 4,1 

59. 44.48..  1W9, 10800 

63.,  60,64,, 2,, 4, 1,10800 

64. 64. 70..  2 
NATE 

1 .. . 25 . 19 . 7W9 , 34380000 . 1 

2. .  . 26. . 945W9, 17200000, 1 
LIMIT 

1. ,  1 

2,-1000,.l,,l 
LLOC 

1.61.64.1 

2.5.44.1 
SHIP 

65 . 1 .,  420 ,,, 25 1 , 4500 , 9300 , 240 , 86 , 24 , 173250 , 186 , W20 , 1 . E22 , 1 . E22 , W23 , 1000 
TENS 

1.10.1.1 

17.26.1.2 

33.42.1.3 

49.58.1.4 

16.. .. 10000 

32.. .. 10000 

48.. .. 10000 

64.. .. 10000 

(  ! 

SHIP  LOAD  FILE  FOR  USS  PIGEON  (ASR-21) 


*  LINE  1 


*  LINE  2 


*  LINE  3 


*  LINE  4 


*1.5  INCH  CHAIN 

*3.25  INCH  DIA  POLYESTER  DOUBLE  BRAID 
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Table  8-10.  (OONT) 


POUNDS  POUNDS  FEET  FT/SEC 

2.S1E’K)2  4.5E-K)3  S.SE-IOS  2.4E+02  8.6E-t-01  2.4E-I-01  1.733E-t-05  1.86E-t-02 

1  17  l.E-H)0  1.014E-H)2 

O.E-K)l  l.E-H)l  2.25E-K)1  3.5E‘I'01  4.5E-I-01  5.5E-I-01  6.75E+01  8.E+01 

9.E+01  l.E-H)2  1.125E+02  1.25E+02  1.35E+02  1.4SE+02  1.575E+02  1.7E+02 

1.8E-K)2 

3.857E-H)4  0.E401  O.E-tOl 

3. 917E-H)4  1 . 164E-H)4-5 . 215E-K)5 
4.080E<K)4  2.888E-H)4-1.078E-l-06 
4 . 106E-K)4  4 . 882E404- 1 . 434E'H)6 
3 . 868E-K)4  6 . 373E-H)4- 1 . 530E-I-06 
3 . 355E+04  7 . 474E+04- 1 . 444E+06 
2.429E-H)4  8. 132E-K)4-1.096E-H)6 
1 . 450E-K)4  8 . 226E-K)4-5 . 443E-H)5 
8 . 070E-H)3  8 . 202E-H)4-2 . 341E-K)4 
3.468E-K)3  8.223E<H)4  5.625E-t-05 
- 1 . 113E-I-03  8 . 152E-H)4  1 . 196E-I-06 
-1.079E+04  7.541E+04  1.608E+06 
-2.383E-H)4  6.466E-K)4  1.721E-i-06 
-3.770E+04  4.969E+04  1.625E+06 
-4.681E-K)4  2.938E+04  1.226E-K)6 
-4.564E-I-04  1.180E-I-04  5.939E-f05 
-4.408E'I’04  O.OOOE-l-01  O.OOOE-t-Ol 
1  15  1.0E-f03  0.167E+01 

O.E+01  1.5K+01  3.0E+01  4.SE+01  6.0E+01  7.0E+01  8.0E+01  9.0E+01 

1.0E-K)2  l.lE+02  1.2E-f02  1.35E-H)2  l.SE+02  1.65E-f02  1.8E+02 

1.40E-K)3  O.OOOE-K)1  O.OOOE-t-01 
1.37E+03  S.400E+03-9.640E+04 
1.3C'  >3  1.080E-H)4-9.500E+04 
1 . 2  JLt03  1 . 584E-H)4-7 . 560E-H)4 
1.08E-K)3  1.920E-K)4-6.000E-H)3 
9.00E-H)2  2.040E-H)4  6.000E-K)4 
6.00E+02  2.112E-H)4  1.440E-I-05 
O.OOE-tOl  2.184E+04  2.160E-I-05 
-8.00E-H)2  2.208E-H)4  2.700E4O5 
-1.92E-I-03  2.208E-(-04  3.240E-I-05 
-2.12E-I-03  2.160E-H)4  3.840E-K)5 
-3.16E-K)3  2.088E-M)4  4.100E-H)5 
-3.44E+«3  1.7  M)4  4.080E+05 

-3  l.i  .  _^4  2.925E'l-05 

-3.60E-I-03  0.000E-H)1  O.OOOE-H)1 

) 

DEAD 

FIX, 3, 651, 652 .653,661,662,663 
SOLU.VRR 
LIVE 

WIND, 27, 0,1 
SURF,1.69,0,1 

FREE, 651  *  FREE  VESSEL  TO  HOVE  IN  X  DIRECTION 

STEP, 10, 10 

SOLU,VRR,.01,.01 

END 
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TabU  8-11.  CmNinr  AND  SIMFUZ  BUHBNT  OCVT 
PON  fISSIL  NbQNINB  FIOniM 

VESSEL  4  POINT  NOORING  WITH  lOKU  PRETENSION  $$ 

PROB 

30»24,-9,V7.1 

FLUID 

.1 

*2 

NODE 


1,, -3218.5,-4596. 5, -1000, 3,3, 3 

* 

LEO  1  ANCHOR 

2, ,-3218.5,4596.5,-1000,3,3,3 

* 

UO  2  ANCHOR 

3,, 3218. 5, 4596. 5, -1000,3, 3, 3 

* 

LEG  3  ANCHOR 

4,, 3218. 5, -4596. 5, -1000,3, 3, 3 

* 

LEG  4  ANCHOR 

*  NOTE,  ESKP  GENERATES  SYN.  NODES 

IN  A  STRAIGHT  LINE  TO  BUOY. 

5 , , -2805 . 5 , -4006 . 6 , -999 . 9 

* 

LEG  1  CHAIN/SYN 

17,4,-288.7,-412.3,0 

* 

BUOY/HAWSER 

6 . , -2805 . 5 , 4006 . 6 , -999 . 9 
18,4,-288.7,412.3,0 

* 

LEG  2  CHAIN/SYN 

7,,2805.5,4006.6,-999.9 

19,4,288.7,412.3,0 

* 

LEG  3  CHAIN/SYN 

8, , 2805 . 5, -4006 . 6, -999 . 9 

20,4,288. 7, -412. 3,0 

★ 

LEG  4  CHAIN/SYN 

25 

26 

* 

SHIP  CENTER  OF  GRAVITY 

27 . ,  - 110, -43, 12 , -25 , -25 , -25 

28,  ,-110,43, 12, -25, -25, -25 

29..  110.43. 12, -25, -25, -25 

30. .  110, -43, 12, -25, -25,-25 

N9EM 

* 

HAWSER/SHIP,  LEG  1 

0,4,8,0,0,0,3,23,10000 

0,3,7,0,0,0,3,23,10000 

0,2,6,0,0,0,3,23,10000 

0,1,5,0,0,0,3,23,10000 

* 

CATENARY  REFERENCED  BY 

1.17. 27.4..  21 

1.18. 28. 4..  22 

1.17. 29.4..  23 

1.20.30.4..  24 

BUM 

* 

GENERATE  HAWSER  NODES 

1.1.5.. 1,-lW10,-4 

2.5.9.. 2V9,10900 

6.21.27..  2.. 4W9, 10900 

«r 

LEG  1  CATENARY 

7.2.6. . 1,-lW10,-3 

8.6. 10..  2V9, 10900 

12.22.28..  2. .4W9, 10900 

* 

LEG  2  CATENARY 

13.3.7.. 1,-lW10,-2 

14.7. 11..  2V9, 10900 

18.23. 29..  2.. 4W9, 10900 

* 

LEG  3  CATENARY 

19.4.8. . 1,-1W10,-1 

20.8. 12..  2119. 10900 

24.24.30..  2.. 4tf9, 10900 

TENS 

* 

LEG  4  CATENARY 
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Tabl«  8-11.  (GONT) 


2,4»1,.10900  *  MOORING  LEGS 

8. 10.1..  10900 

14. 16.1..  10900 

20.22.1..  10900 

5. 6.. . 10000  *  HAWSERS 

11. 12.. . 10000 

17. 18.. . 10000 

23. 24.. . 10000 
BODY 

1., -6000,5W8,32 
BLOC 

1.17.20.1.1 
LIMIT 

1,0 

2,-1000.,,! 

LLOC 

2.2.12.1 

MAT! 

1.. .75.23W9,105,6E+06,1  *  1  1/2  IN  DILOK 

2. .  .  26, .  919W9 , .  153E+07 , 1  *  10”  DOUBLE  BRA  j)  POLYESTER 
SHIP 

25 , 1W7 , 25 1 , 4500 , 9300 , 240 , 86 , 24 , 1 73250 , 186W20 , i . E5 , 1 . E5 , 1 . E3 , 1000 

SHIP  LOAD  FIlJs  FOR  USS  PIGEON  (ASR-21) 

POUNDS  POUNDS  FEET  FT/SEC 

2.5^402  4.5E403  R.SE+OS  2.4E'H)2  8.6E-K)1  2.4E-H)1  1.733E-H)5  1.86E-I-02 

1  17  l.E+00  1.014E+02 

O.E+01  l.E+01  2.25E+01  3.5E+01  4.5E+01  5.5E+01  6.75E+01  8.E+01 

9.R+01  l.E+02  1.125E+02  1.25E+02  1.35E+02  1.45E+02  1.575E+02  1.7E+02 

1.8E-H)2 

3.857E-H)4  O.E'K)l  0.E-K)1 

3.917E+04  1.164E+04  -5.215E+05 
4.080E-K)4  2.888E'f04  -1.078E-H)6 
4.106E-H)4  4.882E'>-04  -1.434E-t-06 
3.868E-I-04  6.373E'f04  -l.SSOE-fOS 
3.355E+04  7.474E+04  -1.444E+06 
2.429E-t-04  8.132E-t-04  -1.096E-K)6 
1.450E-f04  8.226E+04  -5.443E-I-05 
8.070E-H)3  8.202Em  -2.341E-H)4 
3.468E-H)3  8.223EH^04  5.625E4^05 

-1.113E-K)3  8.l52E-f04  1.196E-(-06 

-1.079E+04  7.541E+04  1.608E'H)6 

'2.383E+04  6.466E-H)4  1.721E4-06 

-3.770E+04  4.969E-I-04  1.625E4-06 

-4 . 681E<H)4  2 . 938E-(-04  1 . 226E-f06 

-4 . 564E+04  1 . 180E-t-04  5 . 939E+05 

-4.408E-H)4  O.OOOE4-01  O.OOOE-fOl 

1  15  1.0E-K)3  0.167E+01 

O.E+01  1.5E+01  3.0E+01  4.5E-H)1  6.0E+01  7.0E+01  8.0E+01  9.0E+01 

l.OE+02  l.lE+02  1.2E+02  1.35E+02  l,5E+02  1.65E-H)2  1.8E+02 


TlibU  8-11.  (OCMT) 


1.40B403  O.0OOB4O1  0.0J0E4O1 
1.97B403  5.400B403-9.640B404 
1.30B403  1.080B404-9.500B-H)4 
1.20B403  1.S88B404-7.560B404 
1.08B403  1.920B404-6.000B403 
9.00B402  2.040B404  6.000B404 
6.00B402  2.112B-K)4  1.U0B405 
O.OOB401  2.1848484  2.160B405 
-B.00E402  2.208B404  2.700B48S 
-1.92E403  2.208B404  3.240B405 
-2.12B403  2.160B404  3.840E405 
•3.16B403  2.088B404  4.100B405 
-3.44B403  1.704B404  4.080E405 
-9.S6B403  1.056B404  2.925B405 
-3.60B403  0.000B401  0.000E401 
) 

dead 

0UIP,W4,1 

80U),VltR 

FIX,3,262,263 

8AVB.-1 

END 


HUn  DIABNOSnC  MBSSABBS 


Thtt  SEAOYN  progrui  aakss  soma  checks  of  the  input  data  and  attempts 
to  aid  the  user  in  finding  errors  by  printing  various  messages.  No 
attempt  has  been  made  to  be  cosiprehensive  in  this  feature  since  it  is 
very  difficult  to  foresee  and/or  detect  many  of  the  possible  errors.  The 
input  routines  that  process  the  PROB  and  SAO  data  seta  produce  various 
diagnostics  that  evaluate  errors  detected  in  the  input.  These  messages 
are  generally  self'-explanatory.  They  deal  .jainly  with  program  restric¬ 
tions,  such  as  the  maximum  number  of  items  allowed,  or  the  completeness 
and  consistency  of  the  data  provided.  The  user  should  have  little  dif¬ 
ficulty  Interpreting  the  problem  detected,  and  should  be  able  to  make 
appropriate  corrections  with  the  aid  of  this  manual. 

During  the  processing  of  the  SAO  options,  checks  are  made  on  the 
validity  of  the  requests  and  the  convergence  of  the  analysis  procedures. 
The  messages  that  can  be  printed  are  listed  below  with  a  brief  descrip¬ 
tion  of  the  probable  cat'se  and/or  cure.  The  action  taken  aftsr  the  error 
detection  is  indicated  by  the  following  codes: 

(F)  Fatal,  run  aborted. 

(N)  Abort  analysis  case  and  seek  a  new  problem  definition  by 
searching  the  deck  for  a  NEW  record. 

(O)  Abort  present  SAO  activity  and  go  to  the  next  SAO  data  set. 

(S)  Skip  this  request  and  go  to  the  next  card. 

(C)  Continue  calculation  with  action  as  indicated. 

Note  that  the  diagnostic  messages  listed  in  each  section  are  in  alpha¬ 
betical  order  of  the  first  word. 


9.1  DMcr^loa  CbmdkM 


ROUTINE 


(F)  BASE  (XBASE)  CQMHON  ON  TAPE  LARGER  THAN  SPACE 
AVAILABIB 

The  data  aaved  on  the  file  requires  more 
atoraKe  than  Is  presently  available.  The 
two  numbers  printed  are  the  required  and 
current  values  of.  NCOM  (NIC(N1). 

(F)  DATA  PRECISION  ON  TAPE  DOES  NOT  AGREE  WITH 
THE  VERSION  OF  IHE  PROGRAM 

The  tape  was  written  by  an  incompatible 
version  of  the  program. 

(F)  DEPTH  CORRECTION  ERROR  —  SHIP  DRATT  EXCEEDS 
WATER  DEPTH 

Check  SHIP  input  Words  12  and  23 

(N)  ELEMENT  GENERATION  ERROR  ON  LINE  XX 

First  element  was  not  input*  or  element 
cards  are  not  in  increasing  element 
number  order,  or  last  element  was  not 
input. 

(F)  ERROR  IN  (WIND/CURRENT)  LOAD  TABLE  ON  SHIP  XXX 
HEADING  «  XXX 
UST  TABIE  ENTRY  »  XXX 
SYMMETRY  FLAG  »  XXX 

Heading  requested  exceeds  the  largest 
value  in  the  table.  Check  ship  load 
input  table. 

(N)  IMPROPERLY  DEFINED  MOORING  BUOY  AT  NODE  XXX  NO. 

OF  SLAVES  FOUND  «  XXX 

Mooring  buoys  require  at  least  two  slaves. 

(F)  INSUFFICIENT  SLAVES  TO  DEFINE  A  RIGID  BODY  AT 
NODE  XXX  NO.  OF  SLAVES  FOUND  XXX 

Towed  rigid  bodies  (not  mooring  buoys)  reqv\lre  at 
least  one  attachment  slave  plus  one  slave  for 
the  center  of  gravity  and  one  for  the  center 
of  buoyancy. 


RESTRT 


RESTRT 


DEPCOR 


INPELT 


LDNTRP 


CONCNT 


CONCNT 
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(N)  NODES  OHITIED  IN  (»NERATION 


ROUTINE 

INPT 


la  followad  by  a  Hat  of  onaa  and 
aaroa  (tan  par  llna)  corraapondlng  to  tha 
nodaa  in  tha  ayataa.  Tha  aaroa  Indlcata 
which  nodaa  wara  not  daflnad  althar  by 
Input  or  tanaratlon  aaquanca.  All  nodaa 
■uat  ba  account ad  for.  Following  tha 
Intagara,  tha  nodal  coordinataa  ara  prlntad 
to  aid  In  finding  tha  arror.  Tha  problam 
uaually  coaiaa  froa  laq[>ropar  noda  ganaratlon 
Input. 

(N)  SHIP  DATA  INPT  ERROR  ON  XXX  (Ship  No. ) 

NO.  OF  SHIPS  ON  FILE  «  XXX 
LOAD  FUNCTION  OPTION  «  XXX 

Blank  racord  for  aoorad  ahip  data  raquaatad 
dafinltlon  of  chip  froa  load  fila  with  no 
load  flla  daflnad. 


OR 


(N) 


Attaapt  ship  scaling  with  no  load  flla  daflnad. 
SHIP  NOTION  DATA  EXCEEDS  LIMIT 


NOB 

NOH 

NOK 

NRV 

LIMITS 

5 

30 

30 

8 

VALUES  READ 

XXX 

XXX 

XXX 

XXX 

Tha  ship  motion  flla  has  arrays  largar  than 
tha  dimensions  In  SEADYN/DSSN. 

NOB  "  number  of  Frouda  Numbers 
NOH  «  number  of  wave  headings 
NOK  ■  number  of  wavelengths 
NRV  ■  number  of  roll  angles 

(N)  SHIP  MOTION  FILE  ERROR 

WAVELENGTHS  NOT  IN  DEGREASING  ORDER 


Check  format  of  ship  motion  file. 

(F)  TAPE  LABE:.  XXXXXX  DOES  NOT  AGREE  WITH  XXXXXX 

Tha  label  check  failed  on  restart.  The 
first  six  characters  on  the  RESTART 
title  racord  did  not  agree  with  the  check 
word  given. 


SHPDEF 


SHPHOF 


SHPMOF 


RESTRT 


142 


ROUTINE 


(N)  TAPE  POSITIONING  OR  FORMAT  ERROR 
UNABLE  TO  FIND  SHI?  DATA 
ITEM  m  LAST  READ  IS  FOR  HEADING  XXXX 
AND  WAVE  LENGTH  XXXX. 

WANTED  HEADING  XXXX  WITH  WAVE  LENGTH  XXXX. 


The  ship  motion  file  is  not  formulated 
properly  or  other  Input  or  equipment 
malfunction  has  made  reading  the  file 
impossible. 

(C)  WARNING— UNITS  DO  NOT  APPEAR  TO  BE  CONSISTENT 
GRAVITATIONAL  ACCELERATION  FORM  TAPE  IS  XXX 
UNIT  LABELS  FROM  TAPE  ARE  XXX  XXX  XXX 


The  ship  motions  file  conversion  factors  do 
not  properly  convert  the  GRAV  on  the  file  to 
the  GRAV  specified  in  this  rtin.  Calculation 
still  proceeds. 
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9.2 


SidMnaljsis  Option  Errors 


ROUTINE 


(S)  ANCHOR  NOT  ON  BOTTOM  AT  NODE  XXX 
SKIP  REQUEST  FOR  XXXX 

Anchor  weight  is  not  sufficient  to  hold 
the  lines  at  this  node  and  it  has  been 
lifted  off  the  bottom  or  has  not  reached 
the  bottom. 

(S)  CAPACITY  AND  COMPONENT  ID  BOTH  ZERO 
SKIP  REQUEST  FOR  XXXX  (CTYPE) 

Check  input  card. 

(C)  DATA  NOT  AVAILABLE  FOR  XXXX 
SKIP  THIS  REQUEST 

Regular  wave  response  data  were  requested 
for  frequency  outside  of  the  range  that  was 
generated  on  the  Ship  Motion  file. 

(F)  INCONSISTENT  ANALYSIS  REQUEST  ON  RESTART  AT 
LINE  XX 

Attempted  a  restart  of  DEAD,  LIVE,  or  D¥N, 
and  the  file  was  not  from  that  type  of 
subanalysis. 

(N)  INSUFFICIENT  STORAGE  TO  PROCEED 
COMMON  SIZE  =  XXX 
STORAGE  NEEDED  «  XXX 
HALF  BANDWIDTH  XXX 
DEGREES  OF  FREEDOM  -  XXX 
BASE  SIZE  =  XXX 

Subanalysls  request  (DEAD,  LIVE,  DYN) 
cannot  be  processed  due  to  storage 
limitations.  Problem  must  be  reformulated 
or  NCOM  Increased.  (See  Appendix  I) 

(N)  INVALID  CALCULATION  OPTION  »  XXXX 
CASE  TERMINATED 

The  frequency  domain  calculation  option 
was  not  RAND,  REGU,  or  DONE.  Records  are 
out  of  sequence  or  record  entered  Incorrectly. 


COMCHK 


COMCHK 


FRQREG 


SEADYN 


MANIPR 


FRQSLN 
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ROUTINE 


(N)  INVALID  COMPONENT  TYPE  XXXX 
ASSUME  END  OF  INPUT 

Occurs  when  random  response  requests  are 
being  processed  and  a  card  Is  encountered 
which  does  not  have  SHIP,  NODE,  TENS  or 
DONE  ke3^ord.  The  items  to  this  point  are 
processed,  and  the  case  is  aborted  with 
the  additional  message. 

(S)  INVALID  COMPONENT  TYPE 
SKIP  REQUEST  FOR  XXXX 


The  component  number  is  not  one  recognized 
by  the  component  Inventory. 

(C)  INVALID  NODE  NUMBER  «  XXX 
SKIP  THIS  REQUEST 

Regular  wave  response  data  were  requested 
for  a  node  number,  which  is  less  than  1  or 
greater  than  the  number  of  nodes  in  the 
model. 

(S)  MORE  THAN  TWENTY  LINES  ON  ANCHOR  AT  NODE  XXX 
SKIP  REQUEST  FOR  XXXX 

The  fixed  node  where  anchor  capacity  check 
requested  has  too  many  element  connected 
to  it  to  make  the  check. 

(S)  NO  DYNAMIC  'lENSION  PROVIDED  ON  ELEMENT  XXXX. 
IGNORE  DYNAMICS 

The  random  response  data  for  this  element 
was  not  requested  by  a  TENS  record  for  this 
wave  heading  in  the  FREQ  SAO. 

(S)  NO  LINES  CONNECTED  TO  NODE  XXX 
SKIP  REQUEST  FOR  XXXX 

Check  node  number. 

(N)  NOT  ENOUGH  STORAGE  FOR  FREQUENCY  SOLUTION 
NEED  XXXX,  WITH  XXXX  AVAILABLE 

Storage  Inadequate  for  FREQ  analysis. 
Increase  NCOM.  (See  Appendix  I.) 


FRQRND 


COMCHK 


FRQREG 

FRQRND 


COMCHK 


COMCHK 


COMCHK 


MANIPR 


ROUTINE 


(0)  NOT  ENOUGH  STORAGE  FOR  MODE  SHAPES 
NEED  Xm,  WITH  XXXX  AVAILABLE 

Storage  inadequate  for  NODE  analysis. 
Increase  NOON.  (See  Appendix  I.) 

(N)  NOT  ENOUGH  STORAGE  FOR  STRUM  MODES  SHAPES 
NEED— m  WITH  XXX  AVAILABLE  ON  STRING  XX 

Storage  Inadequate  for  strum  processing. 
Increase  NCOM. 

(N)  NUMBER  OF  SHIPS  =  XXXX 

DYNAMIC  SOIimON  PRESENTLY  LIMITED  TO  ONE  SHIP 

Frequency  domain  analysis  requested  with 
more  than  one  ship. 

(N)  POSSIBLE  SEQUENCE  ERROR- >CASE  TERMINATED 

(See  previous  explanation) 

The  dynamic  response  file  Is  not  written. 

(O)  REQUESTED  DYNAMIC  EFFECTS  WITH  NO  FREQUENCY 
DOMAIN  FILE  PROVIDED  ABORT  ADEQUACY  CHECK 

Dynamic  response  file  was  not  saved  in 
the  previous  FREQ  SAO  (see  Word  3  on 
FSOL  record). 

(S)  SHIP  OUTPUT  REQUESTED  WITH  NO  SHIP  IN  THE  SYSTEM 

Random  response  request  for  ship  Ignored 
when  NSHIPS  <  1. 

(C)  SLOW  CONVERGENCE  ON  STEP  XX 

LAST  FOUR  VELOCITY  NORMS  XXXX  XXXX  XXXX  XXXX 
LAST  RESIDUAL  NORMS  XXXX  XXXX  XXXX 

This  is  a  progress  report  on  the  VRR 
Iterations.  Damping  Is  reduced  or  step  size 
Is  increased  depending  on  the  pattern  of 
residual  norm  changes.  Repeated  occurrence 
of  these  messages  is  a  signal  that  the 
solution  Is  in  difficulty.  Consider 
modifying  initial  damping  or  the  model. 


HANIPR 


FRQSLN 


FRQSLN 


CONGHK 


FRQRND 


VESREL 
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ROUTINE 


SPECTRUM  ERROR,  NO  FREQUENCIES  FOUND  WITH 
SIGNIFICANT  WAVE  HEIGHTS 

Check  spectruu  paremetere  and/or  frequency 
range. 

UNRECOGNIZED  ANALYSIS  OPTION  «  XXXX 
TRY  TO  GET  TO  NEXT  CASE 


FRQSIN 


Usually  Indicates  Improper  numbers  of 
cards  or  cards  out  of  sequence. 


ROUTINE 


9.3  Solittiiai  Gjptloa  Bmcatlon  MessageB 


(F)  AUTOSTEP  SELECTION  FAILED  TO  REDUCE  RESIDUAL  NRAPIT 

ON  STEP  m  RNORH  «  XXX  CHECK  LOADS  AND 
VARIATION  CODES 

Hie  load  or  displacement  variation 
codes  may  be  Inconsistent. 

(F)  CATENARY  BOTTOH  ITERATION  FAILED  TO  CONVERGE  ON  CATFRL 

STEP  XX  INCREMENT  YY  ELEMENT  ZZ 

Usually  signals  gross  node  Input  error 
or  divergent  solution.  This  message 
la  follc^red  by  geometry  and  solution 
data  for  the  catenary  In  its  local 
coordinate  system. 

(F)  CATENARY  GEOMETRY  ERROR  ON  ELEMENT  XX  CATFRC 

DEGENERATE  BASE  VECTOR  FOR  LOCAL  COORDINATES 

Catenary  element  geometry  error. 

Check  node  and  current  Input. 

(F)  DID  NOT  GET  LOCAL  CATENARY  PLANE  ON  ELEMENT  CATFRC 

XJLCOMPONENTS  OF  THE  ELEMENT  VECTOR  (FROM 
TO  2”°  NODE) 

Usually  Indicates  gross  node  Input 
error  or  divergent  solution.  Will 
occur  In  the  unlikely  event  that 
the  two  nodes  on  the  catenary  coincide. 

(N)  DIVERGENCE  ON  STEP  XXX  AT  XXXXX  NRAPIT 

(load  factor  or  time) 

Signals  abort  of  MNR  method  after  KNVRT 
successive  step  size  reductions. 

(C)  DIVERGING  ITERATION  INCREMENT,  TIME,  STPDYN 

STEPSIZE,  KOUNT  AA  BB  CC  DD 
LAST  TVO  NORMS  XXXX  XXXX 

Signals  a  lack  of  convergence  In  the 
Direct  Numerical  Integration  time 
domain  analysis.  The  various  sit¬ 
uations  that  lead  to  this  message 


ROUTINE 


(a)  Accttlsratlon  more  thait  doubled  In 
one  Iteration  on  the  component  with 
the  largest  acceleration. 

12 

(b)  The  displacement  norm  exceeds  1x10 

(c)  The  displacement  norm  increased  in 
three  successive  Iterations. 

(d)  The  largest  displacement  Increment 
exceeds  a  magnitude  of  1x10^^. 

(e)  The  nuodier  of  Iterations  exceeds 
LHITER  on  SOLU  record.  This  will 
be  followed  by  a  reduction  in  time 
step  subject  to  the  limits  of  KNVRT 
on  the  SOU)  record. 

(C)  DIVIDED  STEP  SIZES  XXXX  XXXX,  INC»  KOUNT  XX  XX 

k  constraint  overshoot  was  detected  in 
the  RFB  Incremental  analysis.  The  step 
was  divided  Into  two  parts  as  Indicated 
by  the  message.  The  first  part  represents 
the  portion  of  the  original  step  used  to 
get  to  the  constraint.  The  remaining 
portion  of  the  step  was  then  taken  with 
the  constraint  Imposed.  A  full  step  size 
Is  used  after  successful  completion  of  the 
divided  step.  Repeated  divided  steps  with 
multiple  constraints  can  cause  the  solution 
to  fail.  In  that  case  small  step  sizes 
should  be  used. 

(N)  DYNAMIC  SOLUTION  DOES  NOT  CONVERGE  AT  TINE 
XXXX  WITH  A  TINE  INCREMENT  OF  XXX 
LAST  TWO  NORMS  XXXX  XXXX 

Signals  abort  of  DIM  solution  after 
KNVRT  successive  step  size  reductions. 

(N)  FAILURE  IN  VISCOUS  RELAXATION  SOLUTION 

All  attempts  to  get  convergent  VRR 
Iterations  have  failed.  This  occurs 
when  repeated  norm  increases  or  large 
strains  are  encoimtered. 


STEP 


STPDYN 
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(N)  IMPROPERLY  DEFINED  DYNAMIC  PROBLEM.  NO  MASS 
AT  NODE  XX  DIRECTION  YY  (DEGREE  OF  FREEDOM  ZZ) 

A  MtMlal  property  input  error  has 
been  aade  or  aero  length  element  has 
been  included  in  the  model  that  is 
not  one  of  those  reserved  for  payout. 

(F)  INCONSISTENT  LENGTHS,  MUST  ABORT  ON  ELEMENT  EE 
XX  YY  ZZ 

The  lengths  assigned  to  the  two  sub¬ 
elements  (YY  and  ZZ)  in  multimaterial 
payout  do  not  odd  up  to  the  total 
element  length  (XX).  This  .may  be  a 
signal  of  numerical  problems  caused 
by  large  differences  in  EA. 

(C)  INCREASING  RESIDUAL  NORM  ON  STEP  XX 

LAST  THREE  RESIDUAL  NORMS  XXXX  XXXX  XXXX 

The  VRR  iterations  have  produced 
successive  Increases  in  the  force 
residual  norm.  Divergence  is 
indicated.  Damping  is  increased  and  the 
Iteration  restarted. 

(C)  INCREASING  VELOCITY  NORN  ON  STEP  XX 
NORM  VALUES  XXXX  XXXX  XXXX  XXXX 
REPEAT  STEP 

Indicates  a  strongly  increasing  velocity 
behavior  in  the  VR  iterations.  This  is 
assumed  to  be  a  signal  of  divergence  if 
it  is  occurring  repeatedly.  Damping  is 
increased  and  the  step  la  repeated.  In 
some  situations  this  message  will  occur 
many  times  without  an  abort.  This  is 
because  it  gets  intermittent  good  results 
rather  than  successive  increases.  This 
usually  means  the  heuristic  scheme  for 
adjusting  the  solution  parameters  does 
not  work  well  for  the  problem.  In  some 
situations  this  can  be  avoided  by  selecting 
a  larger  damping  at  the  start. 


ROUTIN 

EQTION 


CONPRP 


VISREL 


VISREL 


ROUTINE 


(C)  LAST  TWO  RESIDUAL  AND  DISPLACEMENT  NORMS  XXXX 
XXXX  XXXX  Xm  KOUNT  -  XXXX 

Thtt  four  valuus  prlntod  are  the  residual 
and  displacement  norms  for  Iteration 
(i-l)  and  iteration  i  in  the  MNR  method. 
This  message  signals  an  Increasing  norm 
indicative  of  divergence  or  a  lack  of 
convergence  in  the  number  of  iterations 
given  by  KOUNT.  Tnls  occurs  mhen  norm 
values  are  very  large  (greater  than  10,000) 
or  repeated  Increases  are  detected.  This 
will  be  followed  by  a  reduction  of  step 
else  subject  to  the  limits  of  KNVRT  on  the 
SOUJ  record. 

(C)  MOMENT  SIGN  CHANGE  ON  SHIP  (BUOY),  DIRECTION 
XX  YY 

When  the  MNR  solution  detects  a  change 
in  the  sign  of  the  moment  residual 
coioponent  on  a  body,  that  component  is 
temporarily  fixed  at  the  approximate 
sero  moment  position,  this  fix  is  held 
until  the  Iteration  is  converged,  then 
the  fix  is  released  and  the  Iteration  is 
repeated. 

(F)  MULTIMATERIAL  PAYOUT  ITERATION  FAILED  TO 
CONVERGE  FOR  ELEMENT  XX  AND  LOADS  YY  ZZ 

Payout  mitosis  has  reached  a  point 
where  the  next  element  to  be  paid 
out  has  a  different  material  theui 
the  preceding  one.  The  Iteration 
to  solve  for  the  composite  load/straln 
state  has  failed  to  balance  the  load 
In  the  two  sub-elements.  This  may  be 
a  signal  of  numerical  problems  caused 
by  large  differences  in  EA. 

(C)  NEW  DAMPING  «  XXXX 

Indicates  the  action  taken. 

(F)  NEW  PAYOUT  ELEMENT  XX  DOES  NOT  HAVE  A  COMMON 
NODE  WITH  THE  CURRENT  ELEMENT 

Check  the  payout  topology  and  element 
numbering. 


NRAPIT 


NRNORM 


COMPRP 


NRAPIT 

VISREL 

PAYUPD 


NRHORM 


(C)  NSW  SHIP  (BUOY)  ANGLE  DAMPING  ON  INC, 

KOUNT,  SHIP  (BUOY) 

AA  BB  CC  DD 

LAST  IVO  MOMENT  INGS  AND  PRESENI  ANGLE 
EE  FF  GG 

Vh«ii  th«  MNR  or  VRR  solution  dstect  large 
oscillation  of  body  angle  responses,  the 
angle  danplng  Is  Increased. 

AA  Is  step  nuaber 
B3  Is  Iteration  nuaber 
CC  Is  body  Identification  nuaber 
DD  Is  the  new  daaplng  pa~aaeter 
EE,  FF  are  the  values  of  the  body  moment 
residual  changes  for  the  last  two 
Iterations 

GG  Is  the  response  angle  in  radians 

(G)  NEW  STEP  SIZE  -  XXXX 

Indicates  the  action  taken. 

(G)  SINGULAR  EQUATION  WITH  NUMERICAL  DAMPING 
FACTOR  OF  Xm 

This  message  Is  printed  from  the  MNR 
method.  See  the  "SOLUTION  FAILED" 
message  for  further  explanation.  This 
message  Is  prlnt«^  after  the  trials 
described  In  that  note.  This  will  be 
followed  by  a  reduction  In  step  else 
subject  to  the  limits  of  KNVRT  on  the 
SOLU  record. 

(N,C)  SOLUTION  FAILED  DUE  TO  A  ZERO  PIVOT  ON 
ROW  XX  NODE  YY  DIRECTION  ZZ  THE 
RECIPROCALS  OF  THE  PRECEDING  PIVOTS  ARE 

The  simultaneous  equations  In  the  sub¬ 
routine  SLVCBN  (DEAD,  LIVE,  DYN,  FREQ) 
or  subroutine  CLVCBN  (FREQ)  are  singu¬ 
lar  or  sufficiently  Ill-conditioned  to 
appear  singular.  Check  node  YY  for 
proper  constraint.  This  also  occurs 
In  poorly  tensioned  (soft)  Initial  con¬ 
figurations.  Check  for  zero  tensions, 
etc.  It  can  also  occur  from  wildly 
divergent  VRR  iterations  due  to  Improp¬ 
erly  posed  problem  or  poor  choice  of 
parameters  (usually  damping  Is  too  small). 


NRAPIT 

STPDYN 

VISREL 

NRAPIT 


SLVCBN 

CLVCBN 


If  this  occura  with  the  RFB  a^thod  or  in 
the  ateady-atate  raaponaa  calculations 
in  IKBQ  8A0,  the  case  is  terminated. 

If  this  occurs  dutins  VRR  or  MNR  analysis, 
various  attempts  are  made  to  remove  the 
sintnlarity  and  repeat  the  step.  Failing 
in  these,  the  case  is  terminated.  The 
disparity  in  the  aise  of  the  pivot  terms 
is  an  indication  of  ill-conditioning. 

(C,N)  STEP  SIZE  REDUCED  TO  XXXX  ON  INCREMENT  XX 
RESIDUAL  AND  DISPLACEMENT  NORMS  XXXX  XXXX 

This  message  follows  the  reduction  of  step 
sixe  in  the  MNR  method.  It  will  follow 
either  of  the  previous  two  messages  when 
the  number  step  sise  reductions  is  within 
the  limits  Imposed  by  KNVRT  on  the  SOI^ 
record. 

(C,N)  TIME  STEP  DEDUCED  TO  XXXX  ON  STEP  XXXX 
NIRM  »  XXXX 

This  message  follows  the  reduction  of  step 
slme  in  a  DIN  solution.  It  will  follow 
the  previous  message  when  the  number  of 
step  sise  reductions  Is  within  the  limits 
iaposed  by  KNVRT  on  the  SOU!  record. 

(N)  VISCOUS  RELAXATION  SOLUTION  HAS  FAILED  TO 
CONVERGE  IN  XX  ITERATIONS 

Check  solution  paramenters- -particularly 
initial  damping.  The  message  is  followed 
by  a  aeries  of  solution  parameters.  It 
re<{ulres  intimate  familiarity  with  algo¬ 
rithm  to  Interpret. 

(C)  WARNING  -  NULTIMAIERIAL  SUDD.mY  REMOVED  ON 
ELEMENT  XX  AT  TINE  TY 

When  the  element  being  reeled  in  has  a 
different  material  than  the  one  just 
removed  there  will  be  a  multi-material 
element  until  enough  length  is  subtracted 
to  remove  the  Influence  of  the  old  ele¬ 
ment.  When  this  happens  in  one  iteration 
there  will  be  a  pulse  on  the  element  mass. 
This  oMSsage  reports  that  occurrence. 


ROUTINE 


NRAPIT 


STPDYN 


VISREL 


PAYUPD 
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Th%  purpoB*  of  tho  ship  load  data  fils  is  to  provida  static  loads 
for  ships  and  other  rifld  bod'iaa  for  wind  and  surface  currants  at 
various  haadlngs.  The  fils  can  ba  constructed  and  saved  as  a  library  of 
static  load  functions;  i^endix  F  describes  the  procedure  used  in  DSSM 
to  scale  loads  between  slallar  ships  using  this  library  of  files.  Input 
is  provided  in  a  FOPTRAN  rigid  fomat.  Each  ship  load  data  set  consists 
of: 


SHIP  LOAD  TITLE  RECORD 
ONIT  LABEL  RECORD 
SHIP  PARAMETERS 
HIND  RECORD 
HIND  HEADINO  RECORD(S) 

HIND  PORGE  RECORDCS) 

SURFACE  CURRENT  RECORD 
SURFACE  CURRENT  HEADING  RECORD(S) 

SURFACE  CURRENT  FORCE  RECORD(S) 

Each  of  the  data  records  is  described  below. 

The  free>fleld  input  routine  will  automatically  read  these  rigid 
format  records  when  they  are  placed  between  the  (  )  dellnltor  records 

(see  Section  5.0).  These  data  can  appear  anywhere  In  the  input  stream 
after  the  first  title  record  set.  Hhen  SEADYN  encounters  NSFII£>0, 
these  rigid  format  data  are  processed  into  the  ship  load  data  file. 
This  is  to  be  done  only  once  in  any  Job  deck.  It  is  not  possible  to 
stack  new  problem  cases  using  NEH  which  Intend  to  define  two  distinct 
ship  load  data  files. 


SHIP  LOAD  TITLE  RECORD  (12A6)* 


Variable 

Coluams  Name  Description 

1-72  SHPCAP  Any  descriptive  title 

UNIT  LABEL  RECORD  (A6,  4X,  A6,  ^iX,  A6,  4X,  A6) 
Variable 


Columns 

Name 

Description 

1-6 

WLBL 

Wind  force  label  (e.g.,  "TONS,"  "POUNDS") 

11-16 

CLBL 

Current  force  label 

21-26 

LLBL 

Length  label  (e.g. , '^'PEET,"  "METERS") 

1-36 

VLBL 

Velocity  label  (e.g.,  "KNOT,"  "FT/SEC") 

NOTE:  These  labels  are  output  with  the  ship  data  as  a  reminder  of  the 
units  used.  They  are  used  for  no  other  purpose. 

SHIP  PARAMETERS  fSElO.Ol 

Columns 

Variable 

Name 

Description 

1-10 

TSLT 

Total  ship  length  (L) 

11-20 

TSAE 

2 

End  projected  wind  area  (L  ) 

21-30 

TSAS 

2 

Side  projected  wind  area  (L  ) 

31-40 

TSWL 

Water  line  length  (L) 

41-50 

TSB 

Beam  at  midships  (L) 

51-60 

TSD 

Draft  at  midships  (L) 

61->0 

TSDSP 

3 

Volume  displacement  (L  ) 

71-80 

TSAP 

2 

Propeller  projected  area  (L  ) 

^FORTRAN  format  specification. 


WIMP  RECORD  (215,  6E10.0) 


Columns 

Variable 

Name 

Descrlntlon 

1-5 

NWIND 

Number  of  wind  velocity  tables  (max  Is  5) 

6-10 

NTHETW 

Number  of  headings  In  each  table  (max  Is  20) 

11-20 

SCALE 

Test  scale  factor  (A  means  1/A^^  scale) 

21-30 

• 

WNDVEL(l) 

First  wind  velocity  (smallest)  (LT  ^) 

• 

61-70 

WNDVEL(5) 

Fifth  wind  velocity 

WIND  HEADING  B£CORD(S)  (8E10.0) 

(Repeat  as  required  to  get  NTHETW  entries) 


Columns 

Variable 

Name 

Descrlntlon 

1-10 

WNDHED(l) 

First  wind  heading  (degrees) 

11-20 

etc. 

NOTES 

1.  Headings  should  be  between  0”  and  360**,  listed  from  the  smallest  to 
the  largest. 

2.  It'  the  largest  value  Is  180**,  the  loading  functions  are  assumed  to 
be  symmetric  about  180”  for  the  end  forces  and  skew-symmetric  for  the 
side  forces  and  yaw  moments. 

3.  The  angle  Is  measured  relative  to  the  ship's  local  coordinate 
system,  which  Is  Illustrated  below: 


WIND  FORCE  RECOROrs)  rSElO.O^ 

Columns 

Variable 

Name 

Descrlntlon 

1-10 

WNDC0E(I,1,J) 

^  ^  ti. 

End  force  for  I  heading  and  j  velocity  (F) 

11-20 

WNDC0E(I,2,J) 

4*  ft  ^ft 

side  force  for  I  heading  and  J  velocity  (F) 

21-30 

WNDC0E(I,3,J) 

Moment  for  heading  and  velocity  (FL) 

(I  varies  before  J) 

SURFACE  CURRENT  RECORDrS) 

(215,  6E10.0) 

1-5 

NCRNT 

Number  of  current  tables 

6-10 

NTHETC 

Number  of  headings  in  each  current  table 

11-20 

TDEPTH 

Test  water  depth  (L) 

21-30 

« 

CURVEL(l) 

« 

First  current  velocity  (smallest)  (LT'^) 

f 

61-70 

• 

CURm(5) 

Fifth  current  velocity 

SURFACE  CURRENT  HEADING  RECORD(S)  (8E10.0) 

(Repeat  as  required  to  get  NTHETC  entries) 


Coluoms 

Variable 

Name 

Descrlotlon 

1-10 

CURHED(l) 

First  Current  Heading  (degrees) 

11-20 

etc. 

(See  notes 

for  WIND  HEADING  RECORD) 

SURFACE  CURRENT  FORCE  RECORDfS)  fSElO.O) 

(One  record  for  each  heading  repeated  for  each  velocity) 

1-10 

CURC0E(I,1,J) 

End  force  for  heading  and  velocity  (F) 

11-20 

CURC0E(I,2,J) 

side  force  for  I  heading  and  velocity  (F) 

21-30 

CURC0E(I,3,J) 

Moment  for  I^^  heading  and  velocity  (FL) 

(I  varies 

before  J) 

A-4 


The  ship  load  file  contains  one  logical  record  for  each  ship 
catalogued  on  the  file,  and  it  is  written  in  a  binary  form  with  the 
following  FORTRAN  statement: 

WRITE(10)NWIND,  NTRETV,  WNDVEL,  WNDHED,  WNDCOE,  SCALE,  NCRNT, 
NTHETC,  CURVEL,  CURBED,  CURCOE,  TDEPTH,  TBLOCK,  TSLT,  TSAE,  TSAS, 
TSWL,  TSB,  TSD,  TSDSP,  TSAP,  SHPCAP,  WLBL,  CLBL,  LLBL,  VLBL 

A  number  of  the  items  in  the  list  are  arrays,  and  they  are  written 
in  their  entirety  using  the  implied  DO-IX)OP  feature  of  FORTRAN  1*0 
statements.  A  description  of  each  item,  including  the  dimens iors  of  the 
arrays,  is  given  below: 

VARIABLE  DESCRIPTION 


NWIND 

NTHETV 

WNDVELCS) 

WNDHED(20) 

WNDCOE(20,3,5) 


SCALE 

NCRNT 

NTHETC 

CURV£L(5) 

CURHED(20) 

CURCOE(20,3,b) 


TDEPTH 


'fBLOCK 


Number  of  wind  velocity  tables 
Number  of  headings  in  each  wind  table 
Array  of  wind  velocities 
Array  of  wind  headings 

Array  of  wind  load  coefficients  giving  values  for  up 

to  20  headings  for  end  force,  side  force,  and  yaw 

moment  for  up  to  five  wind  velocities 

Scale  for  wind  load  tests  (A  means  1/A^^  scale) 

^lumber  of  current  velocity  tables 

Number  of  headings  in  each  current  table 

Array  of  current  velocities 

Array  of  current  headings 

Array  of  current  load  coefficients  giving  values  for 
up  to  20  headings  for  end  force,  side  force,  and  yaw 
moment  for  up  to  five  current  velocities 
Water  depth  for  test 
Ship's  block  coefficient 


A-5 
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TSLT 


TSAE 

TSAS 

Tsm. 

ISB 

TSD 

TSDSP 

T8AP 

SHPCAP(12) 

WLBL 

CLBL 

llbl 

VLBL 


Total  ship  length 

End  projected  wind  area 

Side  projected  wind  area 

Water  line  length 

Beam  at  midships 

Draft  at  midships 

Volume  displacement 

Propeller  projected  area 

Title  of  12  six-character  Hollerith  words 

Wind  force  label,  six-character  Hollerith  word 

Current  force  label,  six-character  Hollerith  word 

Length  label,  six-character  Hollerith  word 

Velocity  label,  six-character  Hollerith  word 


A-6 
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SHIP  DfKBMIC  MOnoN  FILE 


The  data  for  the  motion  equations  for  a  ship  driven  by  harmonic 
waves  are  provided  to  the  SEADYN  program  through  the  Ship  Motion  File. 
This  set  of  data  Is  assumed  to  be  on  a  sequential  binary  file  on  logical 
unit  08.  This  Appendix  describes  the  format  of  that  file.  Notations 
from  Reference  16  are  used. 

The  equations  of  siotlon  for  a  ship  moving  In  waves  on  a  free 
surface  are  assumed  to  have  the  following  form: 


j  =  1,...,6  (B-1) 

The  terms  of  this  equation  are  ah  umed  to  be  provided  on  the  ship  motion 
file  In  a  nondlmenslonal  form  refj.ecting  the  effects  of  the  wavelength 
of  the  surface  wave  and  the  relative  heading  between  the  wave  and  the 
ship. 

The  relationships  between  the  terms  of  Equation  B-1  and  the  nondl¬ 
menslonal  terms  on  the  file  are  given  below: 


6 

£ 

k=l 


(M 


Jk 


^  V 


®Jk  \  + 


'Jk  "k 


* 


]{GMU(J,K)1 

(B-2) 

=  M(l’'^'*»^^1[DA(J,K)] 

(B-3) 

Units;  FT^ 

(B-4) 

Units:  FTL^"^ 

“  M(g/L)°*®  (L^)  lB44S(Ijj^)l  (B-5) 


Units :  FTL 


“  M  g  (B-6) 

Units;  FL^"^ 


F  = 

J 

tBOD(J)  +  1B0D(J  +  3)] 

o(J)-l 

M  g  [L  1 

[BEV(J)  +  1BEV(J  +  3)] 

J  =  1,3,5 

J  =  2,4,6 

Units:  Fl“"^ 

where;  M 

s 

Ship's  mass  (THAS) 

Units:  FT^  L“^ 

L 

s 

Ship's  length  (ELL) 

Units ;  L 

8 

= 

gravitational  acceleration  (GRAY) 

Units:  LT"^ 

^RA 

= 

the  Ith  roll  angle  Index 

= 

m(J)  +  m(k) 

m(J) 

s 

0  for  J  <  3 

1  for  j  >  3 

1 

B 

ike  coefficients  are  assumed  to  be  linearized  for  unit  motion  amplitude 
and  wave  helgjht.  Typical  units  for  the  Ship  Motion  File  are: 

F  -  long  tons  (2,240  pounds) 

L  -  feet 
T  -  seconds 

Angles  and  fmgular  responses  are  assumed  to  be  in  radians. 

The  coordinate  system  presumed  for  ship's  motions  and  forces  Is  a 
rlghthand  cartesian  system  with  Its  origin  at  the  ship's  center  of 
gravity.  Its  X-axis  positive  aft.  Its  Y-axis  positive  starboard,  and  Its 
Z-axl&  positive  upward.  The  angular  convention  for  the  relative  heading 
between  the  ship  and  the  waves  assumes  the  following: 


Wave  Headlna 

Description 

0® 

Following  seas 

90® 

Beam  seas  with  waves  traveling  from 
port  to  starboard 

180® 

Head  seas 

270® 

Beam  seas  with  waves  traveling 
from  starboard  to  port 

Hitt  diff •tenets  between  the  wave  heading  convention  and  the  ship's 
coordinates  should  be  noted. 

The  Ship  Motion  File  is  organized  in  logical  records.  The  specific 
contents  of  each  record  will  be  described  below.  There  are  seven  dis¬ 
tinct  record  types.  The  first  two  records  contain  data  which  arc 
independent  of  wave  heading  or  wavelength.  Record  types  3  through  6  are 
dependent  on  heading  and  wavelength  and  are  repeated  in  a  nested- loop 
fashion.  The  overall  form  is: 


Record  1 
Record  2 


Loop 

Record  3 

(Note:  Records  4  and  6 

Loop 

presented  only  on  first 

on 

on 

Record  4 

loop  per  wavelength  in 
the  NCEL  file) 

Wave 

Wave 

Record  5 

Length 

Heading 

Record  6 

The  wave  headings  are  assumed  to  be  listed  in  decreasing  order  with 
-4-180”  being  the  largest  allowed.  The  interpolation  routines  assiune  the 
values  given  for  -flSO”  will  be  used  for  -180”,  therefore,  data  for  -180” 
need  not  be  given. 

The  wavelengths  are  assumed  to  be  listed  in  decreasing  order  (l.e., 
increasing  frequency  order). 

The  individual  records  of  the  file  are  described  in  terms  of  the 
FORTRAN  read/write  lists  associated  with  each  record. 

RECORD  1  NAME  1,  NAME  2,  NAME  3 

Three  Hollerith  variables  providing  identifying  data. 

RECORD  2  (TITO(I),  I«l,  12),  WORD,  WORD  2,  WORD  3,  ELL,  BEAM,  DRAFT, 
TVOL,  TMAS,  TPST,  26,  CBV,  NOB,  (FN(I),  1=1,  NOB),  NOH, 
(HDGKI),  1=1,  NOH),  NOK,  (BAM(I),  1=1,  NOK),  VNY,  GRAY,  NRV, 
(RANG(I),  1=1,  NSV),  ((GMU(I,J),  J=l,6),  1=1,6),  ((DC(I,J), 
J«l,6),  1=1,6) 


TITO 

S 

Hollerith  title  consisting  of  12  six- 
character  words 

WORD 

S 

length  unit  label  (six-character  Hollerith) 

WORD  2 

« 

force  unit  label  (six-character  Hollerith) 

WORD  3 

s 

moment  unit  label  (six- character  Hollerith) 

ELL 

s 

ship's  length  (L) 

BEAM 

s 

beam  (L) 

DRAFT 

s 

draft  (L) 

o 

TVOL  "  ship's  volume  Is  obtained  from  (EIiL/2)  • 

TVOL 

IMAS  «  ship's  mass  (FT^L^) 

TPST  *  longitudinal  distance  from  c.g.  to  forward 

most  station  Is  obtained  from  (EIiL/2)  •  TPST 
Z6  B  vertical  distance  from  water  line  to  c.g., 

(+  up)  (L) 

CBV  -  vertical  distance  from  water  line  to  center 

of  buoyancy  (+  up)  Is  obtained  from  ELL  •  CBV 
NOB  B  number  of  ship  speeds  (SEADYN  expects  only 
one) 

FN(I)  =  the  Froude  numbers  for  each  speed  (only  one 
expected) 

NOH  -  number  of  wave  headings 

HDOI(l)  »  the  wave  headings  listed  In  decreasing  order 
starting  with  180*  and  proceeding  no  further 
than  -179* 

NOK  s  number  of  wavelengths 

BAM(I)  B  nondimenslonal  wavelength  In  decreasing 
order,  g  =  ELL  >  B^(I) 

VNY  =  fluid  viscosity  (L^) 

-2 

GStAV  a  gravitational  acceleration  (LT  ) 

NRV  =  number  of  roll  angles 

RAN6(1)  s  the  values  of  roll  angles  (radians)  listed  In 
Increasing  order 

®(U(I,J)  =  the  nondimenslonal  mass  matrix 
DC(1,J)  -  the  non-dimensional  hydrostatic  restoring 

matrix 

RECORD  3  HN.HOGKNN),  JJ,  FN(JJ),  LL,  BAH(LL) 

HN  -  heading  number 
JJ  B  speed  number 

RECORD  4  ((DA(I,J),  J=l,6),  1=1,6),  ((DB(I,J),  J=l,6),  1=1,6) 

DA(I,J)  =  the  nondimenslonal  added  mass  matrix  for  that 
wavelength 

DB(I,J)  =  the  nondimenslonal  wave  damping  matrix  for  that 
wavelength 

RECORD  5  (BOD(I),  B0D(I+3),  BEV(I),  BEV(I+3),  1=1,3) 

BOD,  BEV  =  the  nondimenslonal  wave  force  coefficients 

RECORD  6  (B44S(I),  1=1,  NRV) 

B44S(I)  =  the  nonlinear  roll  damping  terms  that  are 

added  to  the  linearised  damping  matrix 
depending  on  the  size  of  the  roll  angle 
(nondimenslonal ) 
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DSFAUr.T  DRAG  COEFFICIRNTS 


SEADYN  provides  a  set  of  drag  functions  that  can  be  used  when  no 
specific  drag  models  are  available.  The  functions  are  described  In  this 


appendix.  They  are  based  on  ihe  work  of  Choo  and  Casarella  in  the  early 
70's  and  refined  by  Choo  in  1973.  They  essentially  regional  curve 


fits  of  experimental  data  for  smooth  cylindrical  rods  and  spheres  as¬ 
suming  the  independence  principle  and  a  simplified  form  or  Morlson's 
equation. 

These  functions  will  be  t'sed  when  the  user  specifies  a  zero  for  a 
drag  function  code  in  the  drag  data  set,  or  specifies  nothing  for  drag 
function  codes  on  MATE  and/or  BODY  data  records.  These  are  called  the 
default  functions. 


The  default  coefficients  are: 


Spherical  Bodies 


Reynolds  number, 


V  d  _  velocity  x  body  diameter 
0  ~  kinematlo  viscosity 


40  for  R  <0.1 
e  " 

0.044  +  13.46/(R^)°’^ 

0.47 

0.12 


for  0.1  <  Re  <  1000 

for  1000  <  R  <10^ 
e  ” 

for  R  >  10^ 
e 


(C-1) 


(C-2) 


Cylindrical  Bodies  and  Cfble  Elements 
V  d 

p  s  -ii—  se  normal  yeh.city  x  body  diameter 
e  0  kinematic  viscosity 

V  d 

p  -s  T  _  tangential  velocity  x  body  diameter 
eT  U  kinematic  viscosity 


03) 

(C-4) 
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m 

13 

for 

R  <  0.1 
e 

- 

0.45  +  5.93/(R  )°’^^ 
o 

for 

0.1  <  R  <400 

e  " 

at 

1.27 

for 

400  <  R  10^ 

- 

0.3 

for 

R  >  10^ 
e 

s 

10 

for 

ReT^O‘1 

a 

0.598/(R^.j.)°-^^ 

for 

0.1  <  R^.j.  <  100 

a 

0.017 

for 

*eT  ^  100 •55 

(0-5) 


(C-6) 


®N  - 


®T  “  I  P 


(C-7) 


where:  =  normal  drag  per  unit  length 

Dj  =  tangential  drag  per  unit  length 
p  =  fluid  mass  density 
d  =  cable  diameter 

^N*  ~  normal  and  tangential  components  of  velocity, 

respectively 

^N*  ~  tangential  coefficients,  respectively 

Note  that  the  default  coefficients  assume  smooth  cylindrical  cable. 
Other  cable  constructions  (chain,  faired  cable,  etc.)  will  require  alter¬ 
nate  coefficients  and  possibly  alternate  loading  functions  (see  for 
example.  References  1  and  21).  These  can  be  Incorporated  Into  SEADYN 
via  the  user-defined  subroutine  USRDRG  (consult  Appendix  D)  or  the  DRAG 
data  set  (consult  Section  6.2.3). 
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USKR-!?UPPLIED  SOBROUTIHKS 


The  SEAOYN  program  allow;:  additional  modeling  flexibility  by  pro¬ 
viding  for  three  user-defined  subroutines.  They  are:  USRDR6,  USRTFN, 
and  USRCUR. 

The  USRDR6  subroutine  provides  for  definition  of  line  and  lumped 
body  drag  coefficients.  The  routine  i8'"called  each  time  the  coefficient 
is  required.  The  necessary  subroutine  parameter  definitions  are: 

SUBROUTINE  USRDRG  (IBOD,  IDR,  RE,  RET,  CN,  CT,  DRGDAT) 

DIMENSION  DRGDAT  (20) 


where:  IBOD 


IDR 

RE 

RET 


CN 


Body  type  code  set  by  calling  routine 

1  -  spherical  buoy 

2  -  cylindrical  buoy 

3  -  cable 

drag  function  code 

passed  from  the  DRAG  data  set  with  the  negative  sign 
removed  (i.e.,  IDR>0) 

Reynolds  number  based  on  the  present  normal  component 
of  the  computed  relative  fluid  velocity 

Reynolds  number  based  on  the  present  tangential 
component  of  the  computed  relative  fluid  velocity 
(not  given  for  spheres) 

return  variable  for  the  calculated  normal  drag 
coefficient 


CT  =  return  variable  for  the  calculated  tangential 

drag  coefficient  (not  used  for  spheres) 

' DRGDAT  B  the  options!  drag  function  parameters  input  with  the 
DRAG  data  record  for  this  drag  function 


The  data  parameters,  IBOD  and  IDR,  can  be  used  to  select  the  particular 
functions  from  user-defined  cutalogs  of  functions.  The  DRGDAT 
parameters  allow  the  user  to  pass  specific  data  to  the  coefficient 
computation  from  the  input  data. 


The  USRTFN  provides  a  single-valued  function  in  time  that  defines 
the  time  variation  of  loads,  currents,  motions,  payout,  etc.  The 
necessary  subroutine  parameter  definitions  are: 


SUBROUTINE  USRTFN  (T,  F,  N,  TPARM) 
DIMENSION  TPARM(20) 


where:  T 


current  time,  T  >  0 


F  =  the  returned  value  of  the  time  function 


N  ^  the  time  function  code,  the  absolute  value  of  the  numbers 
provided  in  the  TFUN  data  set. 

TPARM  =  a  single-dimensioned  array  of  user-defined  input  parameters 
provided  for  this  function  in  the  TFUN  data  set.  The 
maximum  number  of  parameters  is  20. 


The  USRCUR  subroutine  is  called  to  define  the  fluid  velocity  at  all 
node  points  in  the  structure  when  the  FLOW  library  indicates  a  user- 
defined  routine.  Unless  signaled  otherwise,  the  routine  is  called  at 
every  iteration  or  step  of  the  subanalysis.  DYN  and  TSSS  subanalyses 
can  call  USRCUR  to  get  the  space -dependent  flow  components  and  use  the 
TFUN  library  to  define  time  variation  or  can  require  USRCUR  to  give  both 
time  and  space  variation.  (See  the  FLOW  library  data.)  The  necessary 
subroutine  parameter  definitions  are: 


SUBROUTINE  USRCUR  (T,  N,  NN,  X,  V,  FLPAR) 
DIMENSION  X(3,  NN),  V(3,  NN),  PLPAR(IO) 


where:  T 

S 

current  time,  T  >  0.0 

N 

s 

the  flow  field  code,  the  absolute  value  of  rhe  number 
provided  in  the  FLOW  data  set 

NN 

s 

number  of  nodes 

X 

s 

nodal  positions  (X,  Y,  Z  position  for  each  node) 

V 

s 

nodal  flow  vector  (X,  Y,  Z  velocity  for  each  node). 
These  values  for  all  NN  nodes  are  to  be  returned  at 

each  call. 

FLPAR 

s 

a  single-dimensioned  array  of  user-defined  input 
parameters  provided  for  this  function  in  the  FLOW  data 
set.  The  maximum  number  of  parameters  is  10. 
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WSSTtXr  FILE  SIKXmJRK 


Th«  SEADYN  program  creates  up  to  three  restart  files  (one  each  for 
the  DEAD,.  LIVE,  and  DYN  subanslyses) .  Multiple  selections  of  a  sub- 
analysis  type  simply  extends  the  file  unless  a  rewind  is  signal^.d  on  the 
SAVE  data  record.  A  counter  is  provided  for  each  of  the  files  to  keep 
track  of  how  many  restart  records  have  been  written.  The  FORTRAN  .‘lie 
codes  used  are: 


01  -  DEAD 

02  -  LIVE  (and  TSSS) 

03  -  DYN 

Each  time  the  file  is  rewound,  che  counter  for  that  file  is  set  to  sero, 
and  a  label  record  is  written.  The  write  statement  is: 

WRITE  (NFILE)  (TITLE  (I),  I  =  1,  NHED),  NINA,  NIBASE,  NPRECZ, VERSON 


where:  TITLE  = 

NINA  = 
NPRECZ  = 

NHED  = 
Each  restart 


page  heading  title  card  for  the  run  (Each  word  is 
assumod  to  have  10  characters.) 
sine  of  unlabeled  common  when  the  file  is  saved 
precision  nvmber  for  floating  point  numbers 

1  "  single  precision 

2  double  precision 

the  number  of  words  in  the  title  =  8 

save  operation  uses  the  following  write  statement: 


WRITE(NTAPE)NFILE ,  ( I  A(  I ) ,  1=1 ,  NIBASE  ) ,  (  AC0M(  I ) ,  1=1 ,  NINA) ,  (  B  ( I ) ,  1=1 ,  NINB  ) , 
+(C(I)  ,I=l,NINC) ,  (RL(I)  ,I=1,NINRL) ,  (P(I),I=1,NINP0) .  (7(1) ,  I=1,NINT) , 

+( SH( I ) , 1=1 , NINSHP) , ( STM( I ) , 1=1 . NINSTM) , 

.  , ( IAABU( I ) , 1=1 , NINB I ) , ( I AACA( I ) , 1=1 , NINCI ) 

.  ,(IAACL(I),I«1,NINCLI), 

.  , ( IAAP0( I ) , 1=1 , NINPOI ) , ( IAAPHP( I ) , 1=1 ,NINSHI ) 

.  , ( I AASTM( I ) , 1=1 , NINSTI ) , ( I A/TIM( I ) , 1=1 , NINTMI ) 

+ ,  DLD ,  WLD ,  DYN ,  CHECKR ,  NOVEL ,  NOl  TER ,  NOFLUD ,  NOLOAD ,  FEEDBK ,  POUT , 

+  REFUP.STEPUP.RBDYFL 
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where  the  arrays  are  defined  by: 


COHMON/ACOM/  A(l) 

COMMON/IACOH/  IA(1) 

COMMON/BUOYS/  B(l) 

COMMON/CABLE/  C(l) 

COMMON/CDYNTD/  CD(1) 

COMMON/CONTFV  RL(1) 

COMMON/PAYOU’iV  P(l) 

COMMON/RGDBDY/  RB(1) 

COMMON/TIMED/  T(l) 

COHMON/SKIPS/  SH(1) 

COHHON/STRUM/  L^TYId) 

COMMON/IBU07S/  lAABU(l) 

COHHON/ICABLE/  lAACA(l) 

COMMON/IDYN'iD/  ICDY(l) 

CCI1HON/ICNTRL/  lAACL(l) 

COMMON/IPAYOT/  lAAPO(l) 

C0MH0N/IR6BDY/  IRB(l) 

COMMON/ISRird/  lAASHP(l) 

GOHMON/ISTRUM/  lAASTTld) 

COMMON/ ITIMED/  lAATIMd) 

COMMON/LOGIC/DLD , WLD , DYN , CHEGKR , NOVEL , NO ITER , NOFLUD , NOLOAD , 

1  FEED3K,POUT,REFUP,STEPUP,RBDYFL 

Tfte  slze«<  of  the  arrays  are  given  by: 

GOMMON/S IZE/  NINA, NINB , NINRL, NINDSP,  NINPO ,  NINSHP ,  NINSTO ,  NINT , 

1  NINC,NC0M,IFILE(4),NPRECZ,NINB1,NINCI,NINCLI, 

2  NIN?OI,NINSHI,NINTMI,NINRBY,NINRBI,NINCDY,NINIDY,NIBASE,NINSTI 

These  sizes  are  identified  in  Reference  2,  and  count  the  number  of 
single -precis ion  words  to  be  read/wrlrten.  This  count  is  adjusted  for 
double-  or  single-precision  conditions.  The  arrays  are  always  to  be 
treated  as  single  precision  in  the  RESTART  routine  even  though  they  can 
contain  mixed-double  precision  and  fixed-point  data  in  the  rest  of  the 
program.  The  actual  contents  of  the  labeled  common  blocks  are  defined 
in  the  calling  program  with  the  appropriate  word  format. 
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SHIP'S  HIND  AND  CDRKENr  LOADING  FUNCTIONS 


This  Appendix  describes  the  tabular  approach  used  In  SEAOYN  to 
obtain  static  loads  on  a  ship  subjected  to  winds  and  surface  currents. 

The  ship  loads  are  assumed  to  be  applied  through  the  center  of 
gravity  of  the  ship.  Three  sources  of  loading  are  considered:  wind 
loads,  surface  current  loads,  and  point  loads  representative  of  working 
loads.  The  point  loads  are  specified  through  the  normal  loading  options 
(see  LOAD  record).  It  Is  assumed  that  the  point  loads  do  not  change 
their  magnitude  or  global  directions  as  the  ship  moves  to  a  new 
position.  Specification  of  the  wind  and  current  loadings  Is  somewhat 
more  complicated.  The  SEADYN  program  provides  two  approaches  to 
defining  these  loads.  The  first  approach  is  In  the  form  of  loading 
tables  that  give  loads  versus  ship's  heading  relative  to  the  flow.  The 
second  approach  uses  approximate  analytical  expressions,  which  are 
described  In  Appendix  6. 

The  tabular  approach  Is  based  on  the  procedures  given  In  NAVPAC's 
Design  Manual  26  (Ref  17).  The  DM'-26  approach  utilizes  experimental 
measurements  for  the  forces  and  moments  for  various  headlxigs  of  wind  and 
current  for  a  set  of  "representative"  vessels.  Similarity  scaling  Is 
then  applied  to  get  loading  values  for  ships  other  than  the  test  models. 

The  DN-Yd  procedure  begins  with  a  set  of  load  measurements  obtained 
from  subsceie  tests  on  a  representative  ship's  model  or  any  other  avail¬ 
able  source.  Ths  measurements  give  values  for  the  lateral  and  longi¬ 
tudinal  forces  and  yaw  moment  versus  flow  heading  and  flow  velocity. 
These  measurements  represent  the  combined  effects  of  such  phenomena  as 
profile  and  friction  drag,  llft-lnduced  side  forces,  and  shifts  In  the 
center  of  or^ssure.  Tables  of  these  measurements  can  be  specified  as 
either  Input  to  the  progrcun  or  as  a  special  ship  loading  file  previously 
generated  and  saved  for  subsequent  referencing  by  SEADYN.  This  saved 
file  1b  assumed  to  be  on  logical  unit  08  (see  Appendix  1). 

Given  the  headings  of  wind  and  surface  current  relative  to  the 
shl^ ,  the  leads  are  obtained  by  linear  interpolation  In  the  tables.  In 
the  event  that  there  are  tables  provided  for  more  than  one  velocity,  the 
table  for  the  velocity  nearest  the  one  specified  in  the  analysis  will  be 
used.  This  Is  determined  by  comparing  the  squares  of  the  velocity 
ratios . 

After  the  load  coefficients  are  obtained  from  the  tables  for  the 
given  heading,  they  must  be  scaled  to  account  for  differences  In  the 
conditions  modeled  In  the  test  and  for  those  being  analyzed.  The 
scallrg  accounts  for  differences  In  flow  velocity,  water  depth,  and  ship 
geometry.  The  formulas  for  adjusting  for  those  effects  are  given  In 
DH-26  and  rre  restated  here  for  completeness. 


F-1 


(F-1) 


mm 

» 


where:  F 
.  8 


•\,  -  C,  V"  M_  (*./A^,)  (L/L,) 

lateral  force  on  ahlp 
longitudinal  force  on  ship 
yawing  moment  on  ship 
lateral  force  on  model 
longitudinal  force  on  model 
yawing  moment  on  model 
wind  velocity 


(F-2) 

(F-3) 


F  = 


ms 


me 


m 

V 


A  =  side -projected  area  above  the  water  line  of  ship  being 
*  analysed 

A.  =  side -projected  area  above  the  water  line  of  modeled  ship 

w8 

A  =  end-projected  area  above  the  water  line  of  ship  being 
^  analyzed 

A.  B  end-projected  area  above  the  water  line  of  modeled  ship 
L  *  length  of  ship  being  analyzed 
L.  ^  length  of  modeled  ship 

V 

2 


C_  = 


(F-4) 


(F-5) 


S  ~  linear  scale  of  the  model  (e.g;,  50  to  1;  S  =  50) 
■  wind  velocity  used  In  model  test 
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mmm 


4 


\  *  ^2  (Ivi/Ivz^  ' 
l2  -  (A^/ApClv^/Ivi) 


(F-6) 

(F-7) 

CF-8) 

(F-9) 


wher«:  h  »  depth  of  water 

V  =  velocity  of  current 

»  water  line  length  of  vessel 
F  lateral  or  longitudinal  resisting  force 

A  «  displacement 
M  s  yaw  resisting  moment 

Subscript  1  denotes  the  full-scale  vessel  for  which  the  model  test  was 
aiade>  and  subscript  2  denotes  the  vessel  being  analyzed. 

When  the  velocity  from  Equation  F-7  does  not  correspond  to  one  of 
the  tables  given  for  the  model  test,  then  the  forces  and  moments  must  be 
selected  from  the  tables  corresponding  to  the  velocity  nearest  the  value 
of  in  Equation  F-7.  It  will  then  be  necessary  to  adjust  the  values 

the  Vj^  velocity  and  the  velocity  repre- 

the  depth  at  the  proposed  mooring  site  will 
not  be  the  same  as  that  obtained  for  h.  In  Equation  F-6.  In  that  event, 
a  correction  for  depth  Is  required.  Dn-26  suggests  that  the  correction 
be  made  assuming  an  Inverse  relationship  with  the  side  resistances  at 
the  two  depths  In  question.  The  curves  given  In  Graph  124  (EC-2)  of 
DM-26  are  used  along  with  Equation  F-6  for  this  purpose.  The  data  are 
given  In  tabular  form  and  the  side  resistances  are  obtained  by  logar¬ 
ithmic  interpolation.  The  resistance  for  a  depth  greater  than  that  In 
the  table  will  be  the  last  value  In  the  table. 

The  adjustments  for  current  velocity  and  depth  are  summarized  by 
the  following  equations: 


by  tne  square  or  tne  ratio  o 
seated  In  the  tables,  V... 

It  Is  quite  llkely^Chat 


(F-10) 


(F-11) 


1 

2 


^  2  “2 

'^tl 


(F-12) 


where: 


the  depth  scaling  factor 

the  velocity  at  which  the  test  data  was  obtained 
the  propeller  projected  area 
the  propeller  drag  coefficient 
fluid  density 


The  primes  Indicate  the  value  has  been  adjusted  to  the  desired  condi¬ 
tions  for  the  mooring  site.  Equation  F-11  reflects  the  adjustment  In 
the  longitudinal  force  recommended  by  DH-26  with  the  assumption  that 
(1/2)  p  C  B  2.88  (with  V  In  knots).  Assuming  the  specific  weight  of  , 
seawater  fs  64  Ib/ft*^  and  the  acceleration  due  to  gravity  Is  32.2  ft/sec'^, 
then  C  «  1.00.  The  form  using  (1/2)  p  C  rather  than  2.88  Is  required 
to  make  the  procedure  dimensionally  IndepSndent. 
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loiur-iN  LOAD  nmfcnoNS  for  ships 


This  Appendix  describes  the  analytical  approach  for  obtaining  static 
loads  on  a  ship  subjected  to  winds  and  surface  currents.  The  approximate 
analytical  expressions  for  ship's  loading  are  based  primarily  on  the  work 
of  Hu^es  (Ref  18),  standard  Naval  architectural  formulas  (Kef  19),  and 
Altman  (Ref  20). 

It  should  be  eiiq;>ha8lzed  that  these  analytical  expressions  are  to  be 
viewed  as  a  convenient  alternative  to  the  DM-26  experimental  curve  pro¬ 
cedure.  It  remains  to  be  demonstrated  that  they  are  capable  of  giving 
reliable  approximations  of  the  ship's  loading. 

The  wind  loading  Is  given  by: 

F  =  K  p.  V^(A_  sln^  e  +  A^  cos^  0)  cos  (o-e)  (G-1) 

AS  A 

where:  K  »  constant,  0.6 

F  s  reiultant  wind  force 

p  »  mass  density  of  air 

A 

V  =  wind  velocity 

6  wind  heading  relative  to  the  bow 

a  —  heading  of  the  resultant  wind  force  relative  to  the  bow 
A  ■*  side  projected  area  of  ship  above  water  line 
A^  end  projected  area  of  ship  above  water  line 

The  heading  of  the  resultant  wind  force,  a,  is  approximated  as  a 
function  of  0  In  a  7th  order  polynomial  as  follows: 

a  »  0.0715608  +  7.954381  0  -  0.3254561  0^ 

+  0.0073131  0^  -  9.3966  x  lo"^  0^ 

+  6.85008  X  lo"^  0^  -  2.6323  x  lO"^  0® 

+  4.1453  X  10“^^  0^  (G-2) 

In  Equation  G-2  both  0  and  o  are  measured  In  degrees. 


G-1 


Hie  distance  between  the  ship  forward  perpendicular  and  the  center 
of  wind  pressure,  X  ,  can  be  approximated  as  a  polynomial  function 
of  the  wind  direct loR,  6.  This  relationship  Is; 

X 

«  0.200A112  +  0.0048641  0  -  4.52442  x  lo"^  6^ 

+  5.45736  X  10“^  6^  -  3.78789  x  lo"®  0^ 

+  i. 02881  X  lO"^^  0^  (G- 


Here,  as  above,  0  Is  measured  In  degrees.  Also,  L  is  the  overall  ship 
length.  The  yawing  momcmt  due  to  wind  Is  then  approximated  by: 


* 


»  F  L  sin  a 


(i-¥) 


Analytical  expressions  for  the  resistances  from  current  effects 
utilize  the  approach  presented  by  Altman  In  Reference  20.  These 
expressions  are  summarized  below: 


.(>•  ^ - T-  ) 

\  (h/H)*^  -  1.  / 


F  =  0.215  p  V  L  H  sin  0 
s«  '^w  w 


F  =  J  P  V^(S  Cb  +  A  C  )  cos  0 
e  2  w  wR  PP 


“  =  ^  ^CP 


where:  F  =  lateral  current  force  at  the  specified  water  depth 
s 

F  =  lateral  current  force  in  deep  water 

s** 

F  =  longitudinal  current  force 

m  =  yaw  current  moment 

V  -  displaced  volume 


=  wetted  surface  coefficient.  Input  on  SHIP  record 

=  hull  resistance  coefficient.  Input  on  SHIP  record 

or  calculated  as  C  +  C.  +  0.0005 
r  f 

-  residuary  resistance  coefficient  (see  following 
discussion) 


*■  frictional  resistance  coefficient, 

»  0»456  _  1,700 

“"*10  *.)*’^*  '  *• 

«  0.002 

s«  -  <=.  »  ‘v 

*  Reynolds  number  for  the  hull  (based  on  longitudinal 
component  of  flow  and  ship  length) 

Lqp  “  dlstemce  from  midships  to  hull  center  of  pressure 

-  L[LgQ  +  0.00226  (0  -  90®)]  for  0®  <  6  <  180® 

»  L[LgQ  +  0.00226  (0  -  270®)]  for  180®  <  0  >  360®  (6-12) 

b  ratio  of  distance  to  center  of  pressure  at  6  -  90® 
to  the  distance  to  the  center  of  hull  side  area 


R  >  5  X  10^  (G-10) 

6 

<  5  X  10^ 

(6-11) 


h  ~  water  depth 
H  *  ship  draft 


*  mass  density  of  water 

*  waterline  length  of  ship 


Ap  »  propeller  projected  area 
*  propeller  drag  coefficient 


Several  of  these  terms  require  further  discussion.  The  hull  resistance 
coefficient,  C-,  represents  the  sum  of  various  coefficients  for  different 
sources  of  hull  resistance.  This  coefficient  can  be  Input  or  calculated  In 
the  computer  program.  When  no  Input  Is  given  for  C  ,  It  will  be  calculated 
as  the  sum  of  a  residuary  resistance  coefficient,  a^frlctlonal  resistance 
coefficient,  and  a  fouling/surface  effect  coefficient.  The  fouling/ surface 
effect  coefficient  Is  given  an  arbitrary  value  of  0.0005.  The  frictional 
coefficient  Is  calculated  from  Equation  6-10  emd  the  residuary  coefficient 
is  obtained  J  a  linear  Interpolation  of  a  digitized  form  of  Figure  38  of 
Reference  20.  This  method  of  obtaining  C  is  limited  to  low  flow  velocities 
since  wave-making  resistances  are  Ignored^ 

The  longitudinal  location  of  the  center  of  pressure  for  a  hull  skewed 
with  respect  to  the  flow  Is  estimated  by  Equation  6-12.  This  requires  an 
estimate  of  the  ratio  of  the  distance  to  the  center  of  pressure  and  the 
center  of  area  for  beam  flow,  Lq-.  This  factor  is  estimated  by  linear  Inter 
polatlon  between  the  values  for^the  ship's  DD-692  and  EC-2  using  the  block 
coefficient  as  a  reference.  Reference  20  gives  the  values  for  L..  or  the 
DD-69®  and  EG-2  as  0.056  and  -0.138,  respectively.  (Negative  means  aft  of 
midships . ) 
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mOKINR  OfXffCMENT  mVENTORr 


Tha  mooring  conponcmt  Inventory  contains  data  tables  for  the 
following: 

Anehoifai 

Navy  standard  stockless 
NAVSHIPS  lightweight 
NAVFAC  STATO 

Buoys: 

Bar  riser  chain  type 

Steel  stud* link 
Hawsers: 

Season  braids  **  2*ln*l^  Nylon 

2*ln*l^  Power  Braid 
2*ln-l  Stable  Braid  ^ 

12  Strand  Blue  Streak 

The  Inventory  lists  weights,  buoyancies,  and  strengths  In  pounds. 

Lengths  and  buoy  dimensions  are  In  feet.  Hawser  and  chain  sizes  are  In 
Inches.  These  units- may  be  converted  to  those  needed  In  the  analysis  by 
providing  the  appropriate  conversion  factors  on  the  INVE  record.  The 
contents  of  the  inventory  can  be  obtained  by  setting  the  print  flag  in 
Word  (4)  of  the  INVE  record.  The  listing  of  the  present  Inventory  Is 
presented  below. 


COMPONENT  INVENTORY 
ANCHOR  TYPE  »  NAVY  STD  STOCKLESS 


WEIGHT 

.30000E-H)4 
.50000K-H)4 
.60000E-I-04 
..70000E-H)4 
.90000E-I-04 
.  10000E-K)5 
. 13000E+05 
. 14500E+05 
.  18000E-(-05 
.  20000E-i-05 
.  25000E't-05 
. 30000E+05 
.40000E-t-05 


FED.  STOCK  NO. 

C2040-516-7758 
C2040-516-77S7 
i040-516-7756 
C2040-5 16-7755 
C2C40-5 16-7754 
C2040-272-2244 
C204C-272-2245 
C2040-272-2246 
C2040-516-7753 
C2040-272-2247 
C2040-272-2242 
C2040-272-2243 
C2040-277-2423 


HOLD.  POWER 
(FIRM  SAND) 
.21000E-I-05 
.35000E+0S 
42000E-I-05 
.49C00E+O5 
.63000E+05 
.70000E+05 
.91000E+05 
. 10150E+06 
. 12600E+06 
. 14000E+06 
. 17500E+06 
.21000E+06 
.28000E+06 


ANCHOR  TYPE  =  NAVSHIP(LWT) 


WEIGHT 

. lOOOOE+OS 
. 15000E+03 
.20000E-K)3 
.30000E+03 
.50000E-K)3 
. 75000E+03 
. lOOOOE+04 
.  15000E-K)4 
.20000E-I-04 
.25000E<H)4 
.30000E-I-04 
.40000E-f04 
.50000E-I'04 
.60000E+04 
.  10000E-H)5 
.  13000E-K)5 


FED.  STOCK  NO. 


H2040-377- 

H2040-377' 

H2040-377- 

H2040-377- 

H2040-377- 

H2040-377* 

H2040-377- 

H2040-377- 

H2040-377- 

H2040-377- 

H2040-377- 

H2040-377- 

H2040-378- 

H2040-378' 

H2040-377- 

H2040-377- 


8600 

8601 

8602 

8603 

8604 

8605 

8606 

8607 

8608 

8609 

8610 
8611 

5633 

5634 
8612 
8613 


HOLD.  POWER 
(FIRM  SAND) 
.28374E+04 
.39563E+04 
,50091E+04 
.69848E+04 
. 10619E+05 
. 14807E+05 
. 18746E+05 
.26140E-I-05 
.33095E+05 
.39740E+05 
.46148E+05 
.58426E-f05 
.70157E+05 
.81470E+05 
. 12385E+06 
, 15358E+06 


ANCHOR  TYPE 


NAVFAC  STATO 


WEIGHT 

.  20000E-H)3 
.30000S+04 
.60000E+04 
.  90000E-H)4 
. 12000EfC5 
. 1500CE+0S 


FED.  STOCK  NO. 


2CF2040- 
2CF2040- 
2CF2040- 
2CF2040- 
2Cr  '«40- 
2CF2040> 


800- 9659 
702-7864 
702-6785 
702-6786 
702-6787 

801- 7938 


HOLD.  POWER 
(FIRM  SAND) 
.40000E+04 
.60000E+05 
. 12000E+06 
. 18000E+06 
.24000E+06 
. 30000E+06 


STEEL  8TOD-LINK  CHAIN 


^  SIZE 

STItENGTH 

WEIGHT/LENGTH 

.7500 

48550. 

5.5556 

.8750 

65280. 

7.7778 

1.0000 

84500. 

9.4444 

1.1250 

106080. 

12.2222 

1.2500 

130070. 

15.0000 

1.3750 

156330. 

17.7778 

1.5000 

185060. 

21.1111 

1.8250 

216030. 

24.4444 

1.7500 

249210. 

28.3333 

1.8750 

284540. 

32.7778 

[  2.0000 

322000. 

36.6667 

'  2.1250 

361530. 

41.1111 

2.2500 

403100. 

46.6667 

2.3750 

446660. 

51.6667 

2.5000 

492190. 

57.7778 

2.6250 

539620. 

63.3333 

2.7500 

588930. 

70.0000 

2.8750 

640070. 

76.6667 

3.0000 

693000. 

83.3333 

3.1250 

747680. 

91.1111 

3.2500 

804070. 

98.3333 

3.3750 

862130. 

106.1111 

3.5000 

921810. 

114.4444 

3.6250 

983080. 

122.7778 

3.7500 

1045900. 

131.1111 

3.8750 

1110210. 

140.0000 

4.0000 

1176000. 

148.8889 

4. 1250 

1234200. 

158.8889 

4.2500 

1311790. 

170.0000 

4.3750 

1381330. 

183.8889 

4.5000 

1452930. 

198.3333 

! 

I 
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BUOY  DATA 


BUOY  TYPE  -  BAR  RISER  CHAIN 


0.  D. 

HEIGHT 

WEIGHT  NON. 

BUOYANCY  MAX. 

BUOYANCY 

FED.  STOCK  NO. 

6.53125 

4.03125 

2200. 

3562. 

4300. 

C2050-223-3657 

7.03125 

5.03125 

2500. 

5835. 

7518. 

C2050-264-4497 

9.50000 

5.00000 

7700. 

7420. 

10445. 

C2050-223-3665 

0.50000 

6.50000 

9600. 

14414. 

20879. 

C2050-223-3662 

0.50000 

7.50000 

10100. 

17608. 

25921. 

02050-264-44981 
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App«ttdlz  I 

ROGRAM  SIZE  LINITATIGMS  AND  STORA6B  RBQUIKEHKNTS 

An  attwqpt  has  baan  mada  to  maka  the  SBADYN  program  flexible  In  the 
slaa  of  the  problems  It  can  handle.  There  are,  however,  some  specific 
array  sine  limits  coded  into  the  program.  These  have  been  chosen  large 
enough  to  accommodate  most  niodels,  and  can  be  increased  by  modifying  the 
specific  dimension  statements  and  size  variables.  This  requires  program 
recompilation  and  assembly,  the  description  of  which  is  beyond  the  scope 
of  this  manual. 

The  specific  size  limitations  are: 


Maximum  number  of:  bodies  In  BODY  record  50 

body  locations  given  by  BLOC  record  50 

limit  conditions  in  LIMI  record  50 

limit  locations  given  by  LLOC  record, 

etc.  50 

elements  connecting  to  a  limited  node  10 

cable  materials  in  HATE  record  10 

entries  in  any  tension/strain  table  20 

entries  in  FLUI  record  2* 

catenary  lines  of  nodes  generated  by 

NGEN  record  200 

ahip/platform  rigid  bodies  defined  by 

SHIP  record  5 

ship/platform  rigid  bodies  in  FREQ  SAD  1* 

payout/ reel -in  points  in  DYN  or  TSSS  SAO  5 
master  nodes  100 

moved  components  in  DEAD/LIVE/HODE  SAO  30 

moved  nodes  defined  in  DYN  or  TSSS  SAO  5 

lines  connecting  to  a  node  where  an 

anchor  holding  power  CHEK  is  made  20 

strum  strings  declined  by  STRUM  record  30 

elements  in  any  strum  string  20 

flow  fields  defined  by  FLOW  record  10 

parameters  associated  with  any  flow 

field  10 

drag  functions  defined  by  DRAG  record  20 

time  functions  defined  by  TFUN  record  20 

parameters  associated  with  any  time  or 

drag  function  20 

load  variation  sets  defined  by 

LOAD/LVAR  records  3 

PROB  -<■  REST  data  sets  in  any  run  50 

rlftd  format  data  sets  In  any  run  1* 


^Program  logic  limitation 
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wave  headings  on  ship  motion  file  30 
wave  lengths  on  ship  motion  file  30 
roll  angles  on  ship  motion  file  8 
wind  velocities  on  ship  load  file  5 
wind  headings  on  ship  load  file  20 
current  velocities  on  ship  load  file  5 
current  headings  on  ship  load  file  20 


The  size  restrictions  related  to  the  number  of  nodes  and  line  elements 
that  can  be  Included  In  any  model  are  not  rigidly  defined  by  dimension 
statements.  A  form  of  variable  dimensions  Is  used,  which  takes  a  given 
block  of  storage  and  partitions  It  according  to  the  problem  size  and 
specific  needs  of  each  analysis  option.  The  main  program  for  SEADYN  Is 
slsiply  a  routine  that  defines  the  size  of  common  and  calls  the  control¬ 
ling  routine.  The  minimum  storage  required  for  a  problem  Is  controlled 
by  the  number  of  nodes  and  number  of  elements  defined.  TVo  common  blocks 
are  used  to  store  the  variable  data.  These  are  /ACOM/  and  /lACOM/.  All 
of  the  node  and  element  dependent  data  that  has  a  floating  point  form  Is 
managed  In  /ACOH/.  The  related  fixed  point  data  is  managed  In  /lACOH/. 
The  number  of  data  words  needed  as  a  base  for  problem  execution  Is  given 
by: 


NBASE  s  63  *  NN  1-  38  *  NE  for  /ACOM/  (I-l) 

NBASE  »  3  *  NK  4  8  *  NE  for  /lACOH/ 

Where:  NN  *  number  of  nodes 

NE  •  number  of  elements 

The  values  for  these  base  storage  requirements  are  printed  with  PROBLEM 
summary  output  on  each  run. 

Additional  storage  Is  required  by  each  of  the  analysis  options. 

The  formulas  used  to  calculate  storage  needed  for  each  SAO  type  are: 

DEAD,  LIVE,  TS8S,  DYN: 

NEED  ■  NBASE  +  NF3*IB  (1-2) 

NODE: 

NEED  ■  0.5*(3*NF3*NF3  +  7*NF3)  (1-3) 

FREQ: 

NEED  a  NBASE  +  2*NF3*1B  (1-4) 

CHER: 

NEED  a  NBASE  (1-5) 

where:  IB  a  equation  half  bandwidth  (0  for  DYN  -  DIM  solutions) 

NF3  a  3*(nn  -  NSLAVE) 

NSLAVE  a  number  of  slave  nodes 
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Storage  else  checks  are  aade  at  the  beginning  of  each  SAG  to  deter¬ 
mine  If  enough  space  Is  available.  If  not*  a  message  Is  printed  to 
indicate  the  space  needed,  and  the  run  Is  aborted. 

The  major  users  of  storage  space  are  simultaneous  equation  solvers 
and  the  Jacobi  eigenvalue  solver.  These  analyses  are  done  entirely  in 
main  memory  assuming  sparse  and  banded  matrices  that  are  symmetric. 

This  poses  only  minor  difficulties  on  virtual  memory  machines  Real 
memory  machines  (even  with  an  extended  core)  can  place  severe  restric¬ 
tions  on  problem  slse.  Use  of  an  extended  core  (LCH  on  GDC)  requires 
special  modifications  that  go  beyond  the  scope  of  this  manual.  Get  a 
programmer's  help!  Further  relaxation  of  these  restrictions  are 
possible  but  require  significant  program  modifications. 

An  example  of  the  sixe  limitations  (ntusbei  of  elements  and  nodes) 
for  a  representative  real  memory  machine  Is  given  below: 


Machine:  CYBER  76  (CDC7600)  SCOPE  2.1  Operating  System 

Maximum  Available  Small  Gore  Memory:  160,000^ 

Maximum  Program  Slse  (Segmented  form  -  full  program  w/o  ACOM): 
126,000g  (approximately) 

Available  for  ACOM:  32,000^  or  13312^^ 

Assume  half  bandwidth  of  10  and  ME  «  MN  ,  then 
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